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PRESIDENTIAL ADDRESS 


Geology in the Service of the Nation 


G. S. HUME, F.R:S.C. 


if ines expansion in the utilization of mineral resources in Canada 
brought about by two world wars, coupled with an unprecedented 
recent peacetime demand, as industry has been greatly extended, has 
brought into focus the need not only for wise conservation but for a 
continued enlightened policy of geological exploration and mapping 
on the part of mining organizations and government agencies. It is 
not the purpose of this paper to stress utilization and conservation 
of mineral resources, since this subject was dealt with in a presidential 
address to this section in 1940 by Dr. J. J. O'Neill, a distinguished 
member of our geological profession and a Past President of the Royal 
Society of Canada, but rather is it the purpose to take cognizance of 
the application of certain phases of geology in developing a country 
the value of whose mineral production has in a few short decades 
grown from a relatively small figure to that of one and a quarter 
billion dollars, or a value of about ninety dollars for every man, 
woman, and child, counted in the last census as residents of this 
country. It is difficult for us, faced as we are with many acute problems 
of international finance, not to assess our work in terms of dollar 
values, but this assessment certainly will not make us blind to the 
cultural as well as the utilitarian values that our students receive 
through the devoted efforts of the staffs of our geological faculties in 
our many colleges and universities. Indeed since the study cf geology 
deals with the science of the earth, the fundamental concepts should 
be a part of the education of all who wish to enjoy and appreciate the 
beauties of their natural surroundings which in Canada in diversity 
and grandeur are a heritage unmatched in any other part of the world 
How can the facilities for appreciation of natural environment be 
more widely extended to make our science better understood to the 
advantage both of others and of ourselves? It can be taken for granted 
that there are those who without the opportunities for geological in 
struction are none the less intensely interested in the features of the 
earth and vet lack even a rudimentary knowledge of the significance 
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of the soils on which they walk or on which they depend for their 
existence, or those who, gazing with delight on the landscapes of our 
valleys, plains, and mountains, express admiration without having 
any appreciation based on the ability to interpret Jand forms in terms 
of geological processes. 

Dr. Carey Croneis' in a paper “Geology in War and Peace,” pre- 
sented in 1942, greatly deplored the decline in public interest in 
geology in the United States and drew particular attention to the 
disparity between the high public esteem for and knowledge of the 
scientific work of chemists, physicists, and biologists and the attention 
bestowed on that of the geologists, and to the feeble efforts of the 
geologists to promote an increased public regard which would place 
a higher valuation on the best of all sciences, namely, geology. It is 
perhaps true that the conclusions of Dr. Croneis are not so applicable 
in Canada where, to some extent at least, the interpretations of the 
geologists have been given credit publicly for the rate of growth of 
the mining industry, and yet there is little room for complacency since 
to some degree geology is accepted only as an offshoot of the engi 
neering profession to which, in part, it undoubtedly is related, but to 
which it need not necessarily belong. It was not so long ago in the 
Geological Survey of Canada that palaeontologists, classified as such, 
were not graded so highly in regard to salaries as were geologists. 
Since every palaeontologist on the staff had, in addition to his special- 
ization, received the fundamental training of the geologists, including 
field geological mapping, the solution to the problem was simple, 
namely, to call all palaeontologists, for classification purposes, geo- 
logists, which indeed they were. The tendency, however, to split 
geologists into groups such as palaeontologists, mineralogists, and to 
a less extent petrographers or into sub-groups of geology such as 
economu veologists, Strat igraphic geologists, structural geologists, ete 
and to emphasize their work as such, is a weakness because the public 
does not understand the meaning of these individual designations and 
hence is likely to place no high value on the services performed by 
each. The remedy, of course, lies with the geologists themselves. We 


should face the public with a united front as geologists; then the 


divisions will fall into their proper places and be viewed with the right 
perspective. Our services to the welfare and growth of the nation 
should be recognized as the work of geologists if we are to gain the 
public esteem held by some of the other branches of science. 


Carey Croneis: Geology in War and Peace; Bull. Am. Assoc. Pet. Geol., vol. 26, 


no. 7, pp. 1221-49 (1942). 
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It may seem to some that there is little need to make the general 
public more conscious of the work of geologists since, as already 
indicated, their services have been very highly regarded in mining 
and other professional circles. If we agree to a secondary role we can 
content ourselves with being designated as mining geologists or engi- 
neering geologists. Under these circumstances, as in the past, more 
frequently than not, we will find ourselves called in to solve problems 
on projects facing failure when the early application of a limited 
amount of geological knowledge would have prevented there being 
any problem and would have saved much time, worry, and unnecessary 
expense. Even though the record of the profession has been very 
creditable, the geologist of the future can make a much greater contri- 
bution in the service of the nation than has been the case in the past 
if there is public recognition of the value of and adequate public 
support for the work he performs. 

There are many ways by which geologists can create greater publi 
interest and thus strengthen support for their profession. Perhaps the 
mention of one or two examples will suffice for the present purpose 
The magnetometer and the radioactive detector have been adapted 
for use in aeroplanes and from the records geological deductions of 
great value are being made. But although we have thus adapted air 
borne scientific instruments to our use we have not, to my knowledge 
at least, tried to capture the interest of the air-minded public in the 
significance of the changing panorama which they view from the 
windows of a flying plane. Our commercial airlines daily follow the 
same routes and a short illustrated booklet (with pictorial maps) in 


which the geological features of the terrain traversed are accurately 


described and interpreted but with sufficient imagination to be 


attractive to the popular taste, would not only do much to increase 
public interest in geology but would pass the time profitably for many 
an otherwise bored traveller. There is no part of Canada whose 
features if described in terms of geology could not be made exceedingly 
interesting to the air passenger with great profit to himself and our 
profession. It seems that geographers are much more interested in 
describing land forms in terms of geology than are the geologists 
themselves, angi we should have no complaint about this since they 
have learned to write for an interested public when we have commonly 
failed to do so. With the egotism of a geologist, one could say not only 
that this has been a considerable loss to us but also that, ex ept where 
the geographer has also been a geologist, there has been less emphasis 


on interpretative values. There is no reason, for example, why a very 
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delightful and instructive treatise for air passengers between Montreal 
and Quebec, where the present meetings are being held, should not be 
prepared by a geologist with a flair for writing for the public in an 
interesting way. If to the description of land forms and their geological 
setting in and surrounding the St. Lawrence Valley, including Quebec 
City, should be added a little information concerning their influence 
on historical events the produc t need not necessarily be called geogra- 
phy, although it might well be one that a geographer would consider 
within his sphere of interest. There is no need to stress to geologists 
what could be done in describing other parts of our country on the 
lrans-Canada route, as for example the Great Lakes system, the 
prairies, and the mountains with their distinctive features and varied 
geomorphology, and there seems little doubt that in interesting the 
travelling public we should receive whole-hearted co-operation from 
the air transport companies 

kor a second example of what might be done, let me cite some 
problems related to the mountains and foothills, familiar to me from 
my work there. It has for some years been a hope of mine that we 


might find a geologist with a gift for descriptive popular writing who 


could tackle the geology of the Banff and Jasper National Parks areas 


in a systematic way but who could, as well as working out the strati 
graphy and structure in detail, describe it as a tourist attraction. 
There is no reason, however, that other parks, including the provincial 
parks, could not be similarly dealt with to great advantage. This 
could be not only a means of stimulating a public interest in geology 
but also a method whereby the visitors to our parks would be attracted 
to return to spend their holidays amid surroundings for which they 
have come to have a high regard because of their appreciation of the 
significance of the geological features. According to the ‘Tourist 
Bureau, last summer 421,184 tourists visited Banff National Park, 
96,208 visited Jasper, 335,089 visited Riding Mountain Park in 
Manitoba, and 31,903 visited Cape Breton Highland Park. Dr. B. R. 
Maclay has written a very attractive bulletin on the Banff and Jasper 
Parks for the Canadian Geographical Society and this is being distri- 
buted in these parks. A mere detailed account of specific areas would 
meet a further need. Dr. P.S. Warren studied the Banff area in 1927 
and his report made for the Geological Survey of Canada, primarils 
on an investigation of the hot springs, has described the features for a 
popular geological account of that particular area. But a much wider 
study is needed beginning at the mountain front with the great over 
thrust fault that L. M. Clark has so aptly named after R.G. McConnell 
who first recognized and repo! ted on its true significance. To a geologist 
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the major structural features between the mountain front and Banft 
along the route of the highway are not difficult of discernment when 
they have been mapped and properly illustrated, but to the layman 
there is little of interest except the scenery, grand as that is. 

It should not be thought that, in working out the detailed geology 
of the Parks areas in which no new mineral developments have in 
recent years been allowed, a study such as that suggested for the 
Banff and Jasper National Parks would not have a scientific signifi- 
cance far beyond any material advantage that might be gained from 
the tourist trade. It is no new experience in our science that the infor- 
mation gained in one area may be of tremendous importance when 
applied in another. It is believed that only by a study in the mountains, 
where observations can be made in three dimensions, will the secrets 
of the stratigraphy and the type of faulting in the adjoining foothills 
become properly revealed even though to date much progress has 
been reported. This has been shown in a very striking way by L. M 
Clark who, in his spare time on week-ends and holidays, has climbed 
many of the peaks near the mountain front along the Banff highway 
to reveal stratigraphic relationships and structures not formerly 
understood. He has shown, for example, that there is an angular 
unconformity in one area between the Ghost River beds of uncertain 
but probably Devonian age and the underlying Cambrian limestones, 
whereas in other areas these beds appear to be conformable. This 
knowledge may be of considerable economic value to those seeking 
new reserves of petroleum since it reveals pre-Devonian movements 
that could mean potentially favourable oil and gas structures in oldet 
strata without corresponding structures in the overlying Devonian 
and younger formations. 

Mr. Clark’s studies have also confirmed the previous knowledge 
that there has been folding in many areas of the eastern mountains and 
foothills following the major thrust faulting. [In some areas this seems 
to have been more intense than in others and Dr. B. R. Maclxay, in 
his presidential address to this section in 1946, stressed one area in 
which the intensity of folding was great. As far as the actual sequence 
of events is concerned, however, there is yet much to be learned 
because it would appear that successive waves of faulting have each 
caused folding in the strata and fault plates lying above the thrust on 
which the last movements occurred. This has given rise to some very 


complicated superficial structures whose complications, far from being 


a guide to the character of the deeper structures, only make it exceed 
ingly difficult to interpret correctly the relatively simpler folds under 
the deeper low-angled faults along which the last fault movements 
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have occurred. It is important, therefore, that a sharp differentiation 


be made between deeper structures and those that superficially and 
to considerable depths appear favourable for gas and oil accumu- 
lations, and yet end abruptly against a major low-angled fault above 
which the potentially productive beds have not been involved in the 
structures produced by the fault movements. The problem that faces 
the field geologist, therefore, is how far down to project the structures 
that are observed at the surface and in imbricated structures, to find 
some means of estimating the depth at which the smaller, higher angled 
faults join into a low-angled fault at depth to produce a major sole 
fault. Since the sequence of development has presumably been from 
west to east, the deepest fault involved might reasonably be assumed 
to have had the last movement, although, of course, this need not be 
so. However, as a working hypothesis at least, it must be assumed 
that the lowest major fault in the sequence is the one that will be 
critical in respect to whether the possibly productive beds are involved 
in the structure above it. Thus, it has seemed to me that much of the 
surface complicated folding involving faults in the foothills which has 
been observed is due to drag folding above faults that occur at a con- 
siderable depth, and that it is not due to folding as such. However, 
to complicate matters, there is plenty of evidence from field studies 
to show that folding of post-faulting age has occurred, but it is to be 
doubted if this has taken place except along certain primary lines 
of weakness where there was original folding prior to the beginning 
of the faulting. Thus it is believed that the problems of the foothills 
will not be solved until the sequence of geological events is determined, 
and it appears that the best opportunity to do this would be in the 
mountains adjoining the foothills where no economic results might be 
directly achieved. It is known that various types of strata react 
differently to faults which thus take on a character according to the 
beds they cut. [t is this information that could be obtained in the 
mountains where observations in three dimensions could be made. 
That the results of such studies might have a far-reaching scientific 
and economic application can hardly be doubted since the foothills, 
as a source of natural gas and to a less extent petroleum, have a tre- 
mendous potential wealth. Turner Valley, a foothills field, has now 
produced more than LOL million barrels of oil and more than 1,600 
billion cubic feet of natural gas, with a total value at the well head of 
$350 to $400 million. The Pincher Creek field, as yet largely un- 
developed, is estimated to contain products worth $500 million, 
including 2,400 billion cubic feet of natural gas in situ with by-products 
from its production of 38,400,000 barrels crude distillate, 9,800,000 
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barrels of gasoline, 12,700,000 barrels of propane, 10,400,000 barrels 
of butane, and 7,400,000 long tons of sulphur to be extracted from 
hydrogen sulphide produced with the gas. Potential production is 
from only about 16,750 acres, a small part indeed of the area which 
was examined to locate it. 

One of the earliest attempts to find petroleum in Western Canada 
took place in 1898 in the Waterton Park area of southwestern Alberta 


and southeastern British Columbia. At that time the exposed strata 


were designated Devono-Carboniferous. Oil seepages which are still 
active are known from a number of localities and most of these are 
on local folds. It was a bit disconcerting in later vears to discover that 
the age of the beds is actually late Precambrian and that such folds 
as are present, and from which the seepages escape, are above the 
great Lewis thrust fault. This is one place where it can be reasonably 
demonstrated that the folding is of two types, namely, that induced 
by the faulting and that which has occurred after the faulting and is 
therefore superimposed on the whole mass including the Lewis fault. 
It has thus been deduced that the seepages originate in Palaeozoic or 
Mesozoic beds below the Lewis fault in folds that involve the fault 
and the vounger rocks below it. Much interest has been aroused in 
this interpretation, particularly in relation to a fold in the Precambrian 
of Sage Creek in Flathead Valley of British Columbia, where the 
seepages are quite pronounced. In past vears considerable money was 
spent in drilling this area and a well now more than 6,000 feet deep 
has penetrated the Precambrian beds above the fault to the yvounger 
Palaeozoic strata below it. Sufficient encouragement has been obtained 
from the escape of gas through fractures into the drill hole to make the 
prospects for success look attractive if reservoir rocks are encountered. 
Aside from the economic value of any production in this area, the 
scientific importance will be in the application of the results in a much 
wider field. 

Since the structures of the foothills and the mountains are most 
familiar to me, their geological significance in relation to the study 
and application of geology has been stressed here. Many of you more 
familiar with Precambrian geology or structures in other parts of 
Canada could give examples from your own experiences to show the 
benefits that have accrued from their study. There is no doubt, 
therefore, that the wider application of geology can bring even more 
material benefits to the nation than it has done in the past, creditable 
as is the present record. 

In regard to some other aspects of geological work, it is a great 
satisfaction to see more emphasis being placed by the Geological 
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Survey of Canada and the universities on fundamental research 
problems. This new emphasis has largely occurred because of the 
recommendations of the National Advisory Committee on Geological 
Sciences, a relatively new organization for the promotion and initial 


establishment of which we are largely indebted to Professor J. E. 


Hawley, one of our members. It is a very fortunate circumstance that 
this committee has formulated policies which the federal government 
is accepting as a guide to future work, and particularly has the influence 
been very beneficial in relation to the study of mineralogy. Because 
of the complex nature of radioactive minerals and the national neces- 
sity of finding methods for their utilization, a whole new technique of 
research has been developed in order that the composition and proper 
ties of these minerals may be determined. We are becoming familiar 
with x-ray patterns, with determinations of age by the mass spectro 
meter, and with the operation of a whole new series of instruments 
based on electronics. Here again the fundamental research work is 
spurred on by its application in relation to processing for economic 
purposes, but in the research work much is being discovered which 
has a direct bearing on the constitution of matter itself. In the United 
States, more so than in Canada, where some of the deposits of radio- 
active materials that are being developed have shown marked minera- 
logical changes with depth, it has been found that the method of 
treatment for recovery is quite different for the deeper levels of a mine 
than it is for the shallower ones on which the milling and metallurgy 
was based. This has, in certain mines, resulted in decreased efficiency 
of recovery of the contained radioactive substances with increased 
depth of deposit. Such a combination of increased costs of deeper 
mining with less returns, based on a poorer extraction, have in a few 
instances proven disastrous. This fact alone has tended to emphasize 
the need for more exact information on the mineralogy of many de- 
posits, and since those who direct our national affairs regard the pro- 
duction of radioactive materials as urgent, we may confidently look 
forward to the much greater expansion of mineralogy based on this 
need than has been the case in the past. 

There is one other aspect of this need for research on radioactive 
materials that has to date received less attention than it deserves. 
The United States Atomic Energy Commission has announced a 
billion dollar atomic energy plant in the Ohio Valley and this is but 
part of $5 billion that willbe spent as part of an announced programme. 
In Canada, it was announced last year that $30 million would be spent 
on the construction of a new pile at Chalk River. Research has been 


concentrated on the means of using nuclear fission. This up to a 
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certain stage was inevitable but there will come a time when progress 
will create a situation where the demand for fissionable materials 
will become tremendous. If suddenly a satisfactory method is found 
for using the heat produced in the transformation of Us35 to plutonium, 
we would inevitably at once be confronted with the need for radio- 
active materials in amounts that would make the present supply 
seem small indeed. Thus, it seems to many geologists at least that the 
relatively small amount of money now being spent on the search for 
new radioactive deposits should be increased many fold to bring the 
amount into proportion with the money being spent on methods of 
use. In the case of many minerals the law of supply and demand, that 
is the price, would tend to bring about a solution for such a situation 
This, however, cannot be the case for radioactive materials because 
the price has been set artificially and no one knows the commercial 
value. It may be that a true value in relation to other forms of energy 
will ultimately be determined if we should eventually arrive at the 
happy state of affairs where values are determined by commercial 
rather than military uses, but at the moment it appears that the price 
will be fixed by circumstances that have little relation to peacetime 
exploitation. The Geological Survey of Canada, under the authority 
of the Atomic Energy Board, is maintaining an inventory of all radio 
active deposits in Canada. This undoubtedly, with the research work 
and geological mapping now being done by various government and 
commercial agencies, will become increasingly important as_ the 
search for new deposits continues. At least we can be certain that a 
good foundation is being laid in preparation for the work that will 
surely be needed, perhaps in the not too distant future. 

There are other phases of geology that are not yet being adequately 
emphasized in relation to the development of Canada. One of these 
is the relatively small amount of Pleistocene and glacial work being 


done in relation to the important study of soils. For practical purposes 


as far as agriculture is concerned, all Canada has been glaciated. The 
study of soils, therefore, as has been recognized by the federal Depart 

ment of Agriculture in requesting the Geological Survey of Canada to 
provide Pleistocene maps, begins with the mapping of the surficial 
deposits. We have emphasized, and rightly so, the necessity of good 
geological maps as a guide te the prospector in his search for minerals 
and this has paid handsome dividends from the standpoint of service 
to the nation as witnessed by our mining developments, but in the 
federal and provincial governments we have been understaffed to 
undertake a comprehensive survey of the glacial deposits which not 
only are all-important in relation to soils, but are vital to the study of 
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water supplies in many parts of this country. The Geological Survey 
of Canada has in recent years undertaken a limited amount of work 
on Pleistocene deposits and the water supplies related to them but 
there has been a disposition in some government circles to agree that 


although the study of glacial deposits is justified from the national 


viewpoint in relation to agricultural, construction and other needs, 
the problems of water should be considered as a more local or municipal 
affair. In areas of sparse population where there are few or no indus- 
tries, but where agriculture thrives, this view can perhaps be justified, 
but with increasing industrialization, as was found many years ago 
in the United States and more recently in certain parts of Canada, the 
location of a water supply may be the factor that determines the 
position of an industrial site. For the record let me cite only one 
extreme example from the United States.2? The Baton Rouge, Louisi- 
ana, oil refinery uses water at the rate of approximately 260,000,000 
gallons a day, more than is needed for the city of Cleveland with a 
population of just under a million. It is said that 30,000 gallons of 
water are needed to make a ton of newsprint, or 140,000 gallons for 
a ton of woollen fabrics. We have been told that California in relation 
to its water supply has reached the limit in numbers of desirable 
population. Any further increase in numbers may mean the necessity 
for the recovery of fresh water from the salt water of the sea, a process 
by no means impracticable in small amounts at present but increas- 
ingly costly for large volumes. Canada has, of course, not reached this 
stage; in fact the proximity of most large cities to rivers or lakes will 
for the most part prevent for these any great difficulty of water 
supply for the near future. However, this should not keep us from 
applying our geological knowledge for the assistance of many smaller 
communities and of individuals who are finding it more difficult to 
maintain their supply from the obvious sources which they have used 
in the past and which, with time and increasingly larger withdrawals, 
are showing signs of serious depletion at certain periods of the year. 
In a few places, of course, there is no solution since no further water 
supplies are available but much expense could be saved in looking 
for new supplies and in the discovery of more distant sources of supply 
by the application of even a small amount of geological investigation 
by trained personnel. My own viewpoint is that geologists can be of 
great value in applying their knowledge in the service of the Canadian 
people by indicating the extent of the water resources so indispensable 


“Congress, Senate: Report of Senate Committee of Interior and Insular Affairs; 
Calendar no. 1043, Report no. 1106, 82nd Congress, 2nd Session. 
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to life itself. Thus, it seems to me that greater emphasis than in the 


past should now be placed on this phase of our work. 


There are many other important aspects of the application of 
geology in the service of the nation which have not been mentioned. 
You as geologists are familiar with them all. The work of the geologist 
as an aid to the prospector is essential in finding new mineral deposits 
and undoubtedly this is the part of our work best known to the public. 
In the search for petroleum and natural gas the value of geologists 
became widely recognized by executives of oil companies about thirty 
years ago, and perhaps there is no part of the mining industry today 
in which geologists have such an important place as in the petroleum 
industry. Particularly in the recent past the advice of geologists on 
many engineering problems is being sought before rather than after 
the beginning of the construction period when difficulties have been 
encountered. This is a recognition of value on the part of engineers, 
and the work being done by geologists on sites for the construction of 
buildings, bridges, and particularly of large dams for power develop- 
ments is becoming of great importance. 

In emphasizing the various services which geologists are performing 
in the interest of national development, the need for fundamental 
research in all phases of geology should also be stressed. In fact, with 
the growing application of geology in relation to the needs of the 
nation for minerals, for fuels, and for construction in industrial and 
other undertakings, there has been a growing recognition that the 
fundamental studies which must always precede the application must 
be greatly expanded. We cannot apply what we do not know and 
understand and geology is no exception to the other sciences. All 
thrive only by knowledge gained through painstaking efforts in many 
attempts by trial and error to solve the many riddles of the universe 
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Two New Species of Olenellus from British Columbia 


R. V. BES! 


Presented by V. J. OSULITCH, F.R.S.C 


INTRODUCTION 


HE type locality of the Eager Formation, about six miles north- 

EL east of Cranbrook, B.C., is remarkable for the excellent preser- 
vation in shale of large numbers of olenellid trilobites. 

The stratigraphy of the Cranbrook Area was first studied by 
Schofield (1915, 1922) whose contributions were considerably aug 
mented by those of Rice (1937, 1941). The Eager argillites conformably 
overlie the Cranbrook Formation (largely quartzitic), which in turn 
rests unconformably on Proterozoic rocks ef Upper Purcell age. On 
the basis of olenellids in the Eager and the gradational lower contact 
with the Cranbrook, both formations are assigned to the Lower 
Cambrian. 

This study is based on two collections: the larger owned by the 
University of British Columbia, the smaller kindly lent by Dr. 
M. Y. Williams, Professor Emeritus of the Department of Geology, 
University of British Columbia. The two collections total some 1,400 
specimens. 

The writer is deeply indebted to Dr. V. J. Okulitch for guidance and 
constructive criticism throughout the research, and for invaluable aid 
and instruction in photographing specimens. 


OCCURRENCE OF THE FOSSILS 


lhe trilobites were obtained by amateur collectors from two locali- 
ties: “A” on the main ©ranbrook—Fort Steele road, ‘‘B”’ just south 
of the Fort Steele-St. Eugene Mission road (see Schofield, 1922, 
Fig. 2). The fossiliferous rocks at A are soft limonitic argillites; at B 
they are harder, dark grey, and slightly dolomitic, with occasional 
thin sandy layers. In both localities the fossils in order of numerical 
superiority are: Olenellus gilberti, Wanneria walcottana, and O. eager- 
ensis n.sp. In the harder shales from B were found the only specimens 
assigned to O. schofieldi n.sp. and two cranidia referred to Bonnia 
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columbensis. However, no information is available as to the method 
of collecting, so no stratigraphic succession of species can be estab- 
lished, nor can the relative abundance of different species in differing 
lithologies be taken as proof of variation in response to environment. 


‘TERMINOLOGY 


The terminology used here is essentially that of Howell ef al. (1947) 
with some of the modifications suggested by Ross (1948) and adopted 
by Rasetti (1951). 

Since it is suggested that the anterior of the olenellid cephalon is 
not separable into fixed and free cheeks, the ‘‘brim”’ is restricted in 
this paper to mean that part of the cephalic surface at the centre, 
lying between the frontal lobe and rim. 

Glabellar lobes and furrows are numbered as by Twenhofel and 
Shrock (1935, Fig. 152). 

To avoid tedious repetition the axial spine on the 15th thoracic 
segment is occasionally referred to as ‘‘the 15th spine,’ even when 


other spines are absent on segments anterior to the L5th. 


PRESERVATION AND CEPHALIC SUTURES 


lhe mode of preservation of a fossil often determines ease of 
identification. Allowance is usually made for removal of details of 
structure or for distortion, but the mechanical superimposition of 
secondary features mimicking true structure may not be recognized. 

The antero-lateral cracks interpreted by many as “‘facial sutures”’ 
were examined on over 200 cephala. Such cracks are seldom sym- 
metrically developed. They are no more frequent than a longitudinal 


glabellar fracture, and in fact nearly always accompany it. No cephala 


have perfectly identical fractures. Unbroken cephala show no lines 
suggestive of weakness in this direction. 

The clays of the Olenellus zone, although preserving fine detail, on 
compat tion flattened the enclosed fossils. The thin convex shield of 
an olenellid, because it was wider than it was long, tended to yield 
most easily along the axis. Cracks were most likely to develop at 
points of greatest tension; such points would lie ventrally at the 
centre either of the frontal margin or of the occipital ring. Subse- 
quently the crack would extend along the glabella, permitting maxi- 
mum vertical movement along the line of maximum convexity. Once 
the two halves were independent the next points of maximum tension 
would appear to lie at or near the base of the palpebral lobes, dorsally, 
and again cracks would develop. This permits of an entirely mechan- 
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ical origin for the commonly observed cephalic cracks: the primary 
fracture occurring along the axis, the secondary pair fortuitously 
simulating the anterior branch of the facial suture. 

In this connection it is observed that the postero-lateral raised line 
running from under the eye toward the genal angle is nearly always 
asymmetrically developed, and frequently degenerates into bifurcating 
venation. Fracture has not been seen along or parallel to this line. It 
appears, therefore, that if the postero-lateral line has structural 
significance, it is not part of a facial suture, either rudimentary or 
vestigial. 


TAXONOMIC PROBLEMS 


Attention has recently been drawn (Weller, 1952) to trends in 
palaeontology towards morphologic description rather than study 
of biologic relationships. If new names are piled on at the present rate 
without attempts being made to establish relationships both areally 
and stratigraphically, the science will become unbearably top heavy. 
It is, therefore, with the utmost diffidence that the writer proposes 
adding the names of two species of Olenellus to the already over- 
burdened literature. 

Both Lochman (1947) and Rasetti (1948) have made it clear that 
classification of trilobites cannot be based on a single character. If 
taxonomy is given a statistical basis the validity of new or of hitherto 
established genera and species must depend not only on a complex of 
features but also on a large number of specimens. Although criteria 
have been suggested lor differentiating other trilobites, generically 
and specifically, no agreement has been reached on diagnostic features 
of olenellids. Terminal or rudimentary segments are too rarely pre- 
served to be generally used; facial sutures are lacking; cephalic spines 
are of doubtful value. Denticulation of hypostomae may be a good 
local criterion, but those of Wanneria walcottana from the Eager 
kormation appear to lack this character; as the trilobite conforms in 


all other respects to specific description, denticulation of the hypo- 


stoma must be of subspecific value only. 

According to Resser and Howell (1938) the important diagnostic 
feature of Paedeumias is the attachment of hypostoma to epistomal 
plate by a stalk whose length equals the distance from glabella to rim. 
Of the trilobites in the Eager collection O. gilberti is the most prolific. 
Both Walcott (1910) and Resser (1928) suggested referring it to 
Paedeumias. There is strong circumstantial evidence that individuals 
with brim no more than twice the width of rim do possess a stalked 
hypostoma. Furthermore, the brim in more than 200 adult cephala of 
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O. gilbertt may be of any width from less than one to more than three 
times that of the rim. The reasonable inference is that this species is 
transitional between Olenellus and Paedeumias. If transition does exist 
in this important characteristic and no other generic differences are 
apparent it begins to look as if Paedeumias, in addition to Mesonacis, 
should be referred back to Olenellus. The writer intends, however, to 
examine the holotype specimens before making any definite recom- 
mendation on the matter. 

One of the most striking features of the Eager olenellids compared 
to their relatives in the eastern part of the continent is the shortness 
of palpebral lobes. Even in the wider brimmed varieties of O. gi/berti, 
which were at first referred to Paedeumias nevadensis, the tips of the 
palpebral lobes barely extend back to opposite the occipital furrow. 
Those of O. schofieldi n.sp. and O. eagerensis n.sp. are even shorter. 
Although the width of brim of O. gilberti appears to decrease pro- 
gressively during growth, the tips of the palpebral lobes maintain a 
constant position relative to the posterior margin, as if the growing 
glabella encroached forward onto the cephalic platform while the eyes 
remained fixed. 

Post-ocular nodes appear to be most noticeably developed in those 
species of Olenellus whose eyes lie some distance from the posterior 
cephalic margin; usually they are smooth elliptical mounds, situated 
between the ends of the palpebral lobes and the glabella. It will be 
noticed that they are very differently shaped in O. schofieldi (Plate I, 
igs. 1, 3) and in O. eagerensis (Plate I, Figs. 7, 8). Although no 
function may definitely be assigned to these structures, it is reasonable 
to assume that they have some anatomical significance. As a first 
working hypothesis it is suggested that they represent the ‘‘housing”’ 
for paired organs, possibly ovaries or digestive glands. If ultimately 
proven to reflect such internal anatomy they may be of considerable 
taxonomic value. 


DIAGNostic RATIOS 


In an effort to establish a natural separation of apparently grada- 


tional forms into two or more groups, and to bring out in sharper 


relief the diagnostic features of easily recognizable types, various 
measurements were resorted to. Wherever they were to be compared 
measurements made in the same direction were selected to eliminate 
the effects of distortion. Although the varieties of O. gilberti vielded 
values grading imperceptibly from one to another, the ratios for 
QO. eagerensis are so distinct that, were the recommendations of Loch- 
man (1947) followed, it might be placed in a separate genus. 
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The features finally used in this connection were: 
(a) Position of midpoint of eye relative to that of glabella (after 
Lochman, 1947). 
(6) Width of cheek from dorsal furrow to outside of genal angle 
relative to width of occipital ring (2bid., modified for olenellids) 
(c) Length of rear four cephalic lobes, including occipital, relative to 
that of palpebral lobes. 
Width of brim relative to that of rim. 
Position of genal angle relative to occipital furrow. 
Length of pleural groove relative to width of axial lobe at the 
second thoracic segment. (The second pleuron was selected for 


frequency of preservation and ease of identification. ) 


FABLE I 
DIaAGNostic RATIOS 


\verage values for 10 typical adults of each species 
Olenellus gilberti O. schofieldi n.sp O. eagerensis sp 


behind behind level 
16-1.9 1.8-1.9 10-1 


25 
1.25-~-1.35 1.4-1.8 1.5-1.8 
0.8 -—3.5 0 0 

behind behind in front 
a3 1.2 7 < 0.6-0.8 


DESCRIPTION OF SPECIES 


Order: Olenellida 
amily: Olenellidae Vogdes 
Genus: Olenellus Hall, 1862 


Olenellus gilbertt Meek, 1874 
Plate I, Figs. 13-17 
This is the commonest species in the collections from the Eager 
Formation. Several adults whose brim is no wider than twice the rim 
show a ridge joining the frontal lobe to the narrow rim, which may be 
interpreted as a Paedeumias characteristic. Growth stages illustrated 
(Plate I, Figs. 13-16) show the gradual narrowing of the brim during 
development. Intergenal spines, present in immature forms, reduce 


progressively during growth and are usually absent altogether in 


adults. Frontal lobe is rounded and untapered. 
The 15th spine is extremely heavy, its base extending fully across 


the axial lobe, and tapering fairly slowly, so that it effectively conceals 
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the rudimentary segments. Its structure is shown (Plate I, Fig. 17) 
pocked or pitted with numerous minute depressions. 

Rudimentary segments were observed doubtfully on only one 
specimen; no less than three appear to be present. 

Diagnostic ratios are given in Table I. 


Discussion 


Krom illustrations of type specimens of O. gi/berta the Eager speci- 
mens differ in having slightly shorter palpebral lobes. From Paedeumias 
clarki it differs in possessing a slightly wider rim. From P. clarki and 
P. nevadensis it differs in having a narrower brim, a more expanded 
frontal lobe, and in lacking intergenal spines when adult 


Olenellus schofieldi n.sp. 
Plate I, Figs. 1-4 

(Cephalon semi-circular, slightly trapezoidal in elongated specimens, 
with an almost straight posterior margin. Glabella fairly narrow, 
evlindrical, with expanded hemispherical frontal lobe reaching the rim. 
Glabellar furrows normal for genus; second pair reduced to slits. 
Palpebral lobes extremely short, their tips extending to opposite the 
front half of the 3rd glabellar lobe behind the frontal. The palpebral 
lobes extend into the frontal lobe for about one quarter of their length. 
Post-ocular nodes very prominent and short, rounding down abruptly 
behind their point of maximum elevation opposite the back of the 
3rd glabellar lobe. Rim very narrow, hardly widening at all toward 
the genal angle. Genal spines slender. Intergenal spines present, 


joined to back of post-ocular nodes by a slightly raised ridge. Occipital 
spine may be present. 


Thorax typical of the genus, but the axis, somewhat narrow an- 
teriorly, appears to taper gradually. Pleurae angling back sharply to 
slender terminations. Third plurae greatly enlarged. Small axial spines 
are present on segments posterior to the fifth. 

Rudimentary segments and pygidium unknown. 

Venation of the cheek surfaces is frequently observed on the larger 
specimens (Plate [, Figs. 1, 2) 

The largest cephalon assigned to this species is 32.6 mm. wide by 
17.1 mm. long. Two cephala oriented almost exactly at right angles 
gave an average ratio of width to length of 1.8. Other diagnostic ratios 
are given in Table I. 

Holotype: Department of Geology, University of British Columbia, 
No. GT 201, Coll.: C. Garrett. 
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Type locality: Loc. B, Eager Formation, six miles northeast of Cran- 
brook, B.C. 


Geologic age: Lower Cambrian. 
Discussion 


The shortness of palpebral lobes, the prominent post-ocular nodes, 
the extremely narrow rim and comparatively straight posterior 
cephalic margin serve to distinguish O. schofieldi from other species of 
Olenellus. 

From O. brevoculus it is distinguished in having a narrower rim and 
relatively narrower glabella, and from O. fremonti (s.s.) by the narrow 
rim, straight posterior cephalic margin, and possession of intergena! 
spines, 

This species is comparatively rare, only ten specimens being defi 
nitely assignable to it in this collection. It is named after S. J. Schofield 
of the Geological Survey of Canada, who first reported the presence 
of olenellids near Cranbrook. 


Olenellus eagerensis n.sp 
Plates I, Figs. 5-12 

The most striking feature of O. eagerensis is the great width of the 
axis. 

Cephalon is semi-circular in front; posterior margin with clearly 
developed intergenal angle of about 145° in adults, less clearly marked 
in young specimens. Advanced, very slender genal spines, always 
oblique to the axis by an angle of about 20°. Glabella “hourglass” 
shaped, with strongly convex semi-ellipsoidal frontal lobe touching 
the rim. Both front pairs of glabellar furrows in adults reduced to 
slits, the second almost to dimples; in immature forms these two 
furrows connect across the middle, but the second pair does not extend 
to the dorsal furrow. Palpebrai lobe is short, strongly arched, its tip 
extending to just behind the third glabellar furrow. Rim is very 
narrow, widening only slightly at the genal angle. Posterior rim 
shallow, widened at the intergenal angle. Small intergenal spines are 


sometimes faintly developed just outside intergenal angles; even when 


absent, they are represented by a slight thickening of the rim, which 


is joined by a low ridge to the back of the post-ocular mounds opposite 
the occipital furrow. Occipital ring wide, with a small posterior spine 

Thorax with broad axis. Pleural lobes comparatively short, sharply 
angling back and abruptly tapering to short spines. Pleural grooves 
short, broad, flat, marked off distinctly by a rim both anteriorly and 
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posteriorly. Pleurae of third segment not greatly enlarged. Small axial 
spines present on all thoracic segments anterior to the 15th; the latter 
spine is enlarged, but tapers sharply. Nothing is known of segments, 
or pygidium, posterior to the 15th. 

Diagnostic ratios are given in Table I. 

Holotype: Department of Geology, University of British Columbia, 
No. GT 101, Coll.: C. Garrett. 

Type locality: oc. B, Eager Formation, six miles northeast of Cran- 
brook, B.C. 

Geologic age: Lower Cambrian. 

Discussion 

This species of Olenellus appears to differ more from the genotype, 
O. Thompsoni, than do most species of Paedeumias. 

Its closest affinity to figured species is to the drawings reproduced 
by Walcott (1910, Plate 37, Figs. 8-19) purporting to show the 
young stages of growth of O. fremontit. The latter species has since 
been restricted by Resser (1928) and proven not to possess such 
advanced genal spines. O. eagerensts differs from Walcott’s drawings 
in having a narrower rim, more slender genal spines, shorter anterior 


lobe, and wider, shorter, more evenly tapering palpebral lobes. Its 


similarity, however, should be stressed in view of Walcott’s own 
tentative identification of ‘‘O. cf fremonti’’ from the Eager Formation 
(Schofield, 1922, p. 12). 

From ‘ Mesonacts’’ bristolensis and ‘‘M.”’ insolens (Resser, 1928) it 
differs in having less advanced genal spines, wider intergenal angles, 
narrower rim, and more rounded frontal lobe. From O. vermontanus 
it differs in having slightly shorter palpebral lobes, narrower rim, 
sharper intergenal angles, and a slightly wider cheek. From other 
species from the same area the differences are even more marked 
although two varieties appear to be present, one with larger frontal 
lobe and the other with narrower cheeks (Plate I, Figs. 11, 12). 

This species is well represented in the collection, and is based on no 
less than 100 cephala ranging from 2.4 mm. in width (Plate I, Fig. 10) 
to 35 mm, 


It is named for the Eager Formation in which it is found. 
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PLATE I 


Olenellus schofieldi n.sp., Olenellus eagerensis n.sp 
and Olenellus gilberti 


Ficures 1-4.—Olenellus schofieldi n.sp. 


Ficure 1.—Fairly complete specimen (X1) showing main specific characteristics 
Holotype B.C. No. GT 201 

FiGure 2,—Shortened cephalon (X1.5) showing junction of palpebral lobes and 
frontal lobe. Paratype. U.B.C. No. GT 205. 

Ficure 3.—Laterally compressed cephalon (X1.5) showing short eye and post- 
ocular node. Paratype. U.B.C. No. GT 206. 

Ficure 4.—Small incomplete specimen (X2) showing intergenal and axial spines. 
Paratype B.¢ No. GT 202 


Figures 5-12.—Olenellus eagerensis n.sp 


FiGure 5.—Incomplete specimen (X1) showing main specilic characteristics. 
Holotype U.B.C No. GT 101 

FiGure 6.—Typical adult cephalon (X11). Paratype. U.B.C. No. GT 108 

FiGuRES 7, 8.—Incomplete specimens (X1.5, X11) showing post-ocular nodes 
Paratypes. U.B.C. Nos. GT 104, GT 112 

Ficgure 9.—Specimen (X1) showing rounded frontal lobe. Paratype. U.B.C 
No. GT 1138. 

Ficure 10.—Very small cephalon (X5) showing characteristic shape, and position 
of genal spines. Paratype. U.B.C. No. GT 110. 

Ficures 11, 12.—Cephala of closely related varieties (X38, X2) one with expanded 
frontal lobe, the other with narrow cheeks and more advanced genal spines. U.B.C 
Nos. GT 111, GT 114 


FiGures 13-17.—Olenellus gilberti Meek 


FiGure 13,.—Small shield with at least 10 thoracic segments (X4). Note extremely 
large intergenal spines concealing genal spines, wide brim traversed by ridge, and 
enlarged 3rd pleurae, U.B.C. No. GT 302 

FiGuURE 14.—Elongated specimen (X2) with very long spine on 15th thoracic 
segment, long pleural extensions and reduction of intergenal spine. U.B.C. No 
GT 308 

Ficures 15, 16.--Complete specimens (X2, X1) showing final growth and loss of 
intergenal spines. U.B.C. Nos. GT 301, GT 351. 

Figure 17.—Enlargement (X4) of part of Fig. 16, showing dimpled structure of 
15th spine 





tat 
PS iting 


GS Mh RA 


ye 


4, 
*e, 


sj 








TRANSACTIONS OF THE ROYAL SOCIETY OF CANADA 
VOLUME XLVI : SERIES III : JUNE, 1952 


SECTION FOUR 


EEE KE KEKE KEKE KE KEK KEKE KE KEKE KEKE KEKE KEKE ME KEKE KE KG 


Diabase Dykes in the Canadian Shield 
J. E. GILL, F.R.S.C., and R. L’ESPERANCE 


be Canadian Shield is noted for the variety of its rock formations 
and the complexity of its structure. The intrusive rocks especially 
show great variation in form and composition. Yet there is one type 
of intrusive body that occurs at intervals throughout the Shield with 
remarkably similar characteristics wherever found. This is the diabase 
dyke—a familiar sight to all workers in the Shield. Most published 
geological reports have some reference to dykes or sills of diabase and 
a great body of information about them has accumulated in the 
literature. However, this is scattered through hundreds of reports on 
limited areas and it is, in consequence, difficult to get an accurate 
view of the range of compositions, distribution, and structural rela- 
tions of these bodies. That they are numerous, widespread, and 
similar in trend over wide areas is soon learned by a worker in the 
Shield. Unfortunately, the narrowness of these dykes has resulted in 
their omission from all small-scale geological maps, so that their 


importance as an element in the structure is lost sight of, especially 


by those who have seen only limited areas of the Shield or none of it. 
Even the worker with broad experience may have a warped view of 
the distribution and historical significance of these rocks. 

To provide a more quantitative view of the important features and 
relations of these dykes R. L’Esperance undertook, following a sug- 
gestion by the senior author, a compilation of published information 
relating to these dykes. The material assembled was presented in 
summary form, together with interpretations, in an M.Sc. thesis 
(L’Esperance, 1948). The factual matter in this paper is largely from 
that thesis. Mr. L’ Esperance is now in Africa, so, for practical reasons, 
the present paper has been writtea by Gill who takes full responsi- 
bility for the form of presentation and interpretations given. 

In this review, all bodies described as diabase are considered. The 
great majority of these are dykes and with few exceptions they are 
the latest group of intrusives in each area where they occur. In most 
reports they are classed as Keweenawan in age. 

Rocks of similar bulk composition, but different in mineralogical 
make-up, form, structural and age relations, are widespread in’ the 
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Shield. Locally these may resemble superficially the dykes included 


in this study, but closer examination shows that they are much more 
altered, less persistent, less regular in form, and markedly older. 
Many bodies of this group can be shown to have entered in the closing 
stages of an orogenic cycle, preceding the main granite batholiths. 
The diabase dykes to be described cut these batholiths and, in some 
localities, thick series of sediments resting unconformably on them. 


GENERAL CHARACTER AND DISTRIBUTION OF THE DIABASE BODIES 


Most of the diabase intrusions are dykes with steep dips and sharply 
defined contacts remarkably planelike in form. They are generally 
persistent for miles. Some have been traced for distances up to twenty- 
five miles or more. While local jogs and gaps occur, the dykes are 
remarkable for their regularity. Thicknesses vary somewhat in indi- 
vidual dykes, but many show great uniformity in thickness. Most 
dykes are a few tens of feet thick, but some attain 800 feet or more. 

Sills are much less numerous than dykes, but are by no means rare 
and locally are quite important, as for instance at Cobalt, Lake 
Nipigon, Great Slave Lake, and Belcher Islands. Thicknesses range 
up to 2,000 feet and some sills persist for eighty miles or more (Collins, 
1925, p. 77). 

Stocks, fingers, and less regular forms occur, but they are extremely 
rare. 

Fig. | shows the distribution of mapped dykes and sills and their 
dominant trends in each map-area. 

In all except three map-areas the dykes occur in parallel or sub- 
parallel groups or “‘sets.’’ Generally there is one dominant trend 
marked by several nearly parallel dykes. In some areas the parallelism 
is less perfect, but the dykes clearly fall into groups around one or 
more dominant directions. A remarkable and extremely interesting 
feature of these trends is that throughout the whole Shield the north- 
east, north, and northwest trends stand out. The east-west direction 
appears as a secondary trend at several places and is dominant north 
of Montreal in the Grenville province. The significance of these 


relations will be discussed later. 


("OMPOSITION 


Most dykes consist dominantly of labradorite and augite in about 
equal amounts, with smaller quantities of other minerals. Quartz 
and olfvine occur in some, and since these minerals seldom occur 
together a threefold classification is possible into quartz diabase, 


olivine diabase, and ordinary diabase. 
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L.’Esperance tabulated the mineralogical data from 140 descriptions 
where details are given. The rocks represented are distributed geo- 
graphically as follows: Quebec 43, Ontario 82, Manitoba 8, North West 
Territories 7. The summation in Table I has been prepared to compare 
the three compositional groups. The figures under each mineral are 
percentages of the total number of rocks described in each category 
that contains that mineral. Thus, under augite the figure 82 means 
that this mineral was mentioned in 82 per cent of the 76 descriptions 
of rocks classed as quartz diabase. Similarly, labradorite was identified 
in 51 per cent of the 45 rocks classed as olivine diabase. The 33 under 
plagioclase shows that in 33 per cent of the descriptions the feldspar 
was only identified as plagioclase. 

Table {I has been prepared from Table I to give a more direct 
comparison of the occurrence of the different mineral species in the 
plagioclase, pyroxene, and “iron ore’’ groups. In each of these mineral 
groups those descriptions not giving specific determinations were 
eliminated to arrive at the figures given. 

Krom Table II it will be seen that the quartz diabase dykes have a 
slightly greater range in feldspar compositions than the other two 
groups, but there is a remarkable similarity in the feldspars of all 
three rock types. Most of the feldspar is on the andesine side of the 
labradorite range. The table also shows that practically all the rocks 
contain augite. Other types of pyroxene are relatively rare in all 
three groups although in certain localities one or another may be 
reasonably abundant. A further noteworthy feature is the relative 
abundance of magnetite in quartz diabase and of ilmenite in ordinary 
diabase. 

The common occurrence of micrographic intergrowths of quartz 


and feldspar in the quartz diabase is worthy of special note. Dykes 


from all parts of the Shield show this feature. It is interstitial to earlier 
feldspars and pyroxenes, especially in the coarser central parts of the 
bodies. Collins (1917, pp. 92-7) shows that in certain sills the quantity 
increases with the grain size above 0.25 mm. and that the feldspar in 
the intergrowths is andesine or more acidic. He demonstrated reasona- 
bly well a connection between the micropegmatitic groundmass of 
these sills and the small acidic dykes and serregations commonly 
associated with diabase bodies and variously described as aplite, 
micropegmatite, granophyre, or ‘red rock.” 

It appears to be untrue that hypersthene occurs more commonly in 
quartz diabase than in olivine diabase (Moore, 1929, p. 40), though 
this is apparently true in the area from Sudbury northward (Collins, 
1917, pp. 87-8). 
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A study was made of variations in compositions from province to 
province, but no significant variations in a regional sense could be 
found. No doubt there are some features, such as the occurrence of 
hypersthene or titaniferous minerals, characterizing dykes in re- 
stricted areas, but in regions as large as southern Quebec or Ontario 
all types appear to be represented. Information from the northwestern 
part of the Shield is too limited for proper representation, but from 
the data at hand there is no suggestion of a systematic regional change. 


FABRIC 


The grain size ranges from fine to coarse. Chilled margins are 


characteristic and glassy margins have been reported. Narrow dykes 


may be aphanitic, but in most the grains increase in size from the 
margin to the centre where most commonly a medium grain ts attained. 

The ophitic or diabase texture is characteristic, though not men- 
tioned in every description. Certain dykes are porphyritic in all age, 
composition, or geographic groups. Phenocrysts are fresh or altered 
feldspars, often zoned, from a fraction of an inch to 6 inches long. 


Olivine phenocrysts up to | inch in diameter have been described. 


\GE RELATIONS 


Dykes of more than one age have been mapped and described in 
many parts of the Canadian Shield. Usually the different sets have 
different compositions and different trends. Where one dyke cuts an- 
other a sequence of injection is established, but whether or not any 
considerable lapse of time intervened is not indicated. If the two 
dykes differ notably in mineralogical composition, a considerable 
separation in time seems probable, but there can be no certainty of this. 
Similarly, a large difference in orientation suggests markedly different 
stressing of the crust accompanying each injection, but this is not 
necessarily so, as will appeal later. Even if it is true, the separation 
in time of injection need not have been great, and it could have been 
zero. Clear evidence of a marked separation in time must come from 
(1) dating by radioactivity studies or (2) the presence of rocks formed 
between the times of two injections, as shown by cantact relations 

Efforts have been made to determine the age of certain diabase 
dykes by the helium method. Diabase dykes from the Shield gave 
results ranging from 191 to 1,160 million years. So far, however, the 
results cannot be regarded as reliable (INKeevil, 1941). Recent studies 
of the effects of alpha-particle ionization may lead to better results 
(Hurley, 1952). Radioactivity studies offer the only real hope tor 


determining the age relations of many of these bodies. 
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Two scries of quartz diabase dykes separated in age by the time 
required Lo deposit a thick series of sediments (Cobalt series) are 
known in Matachewan and western Quebec. Those of Sudbury district 
and along the north shore of Lake Huron are all post-Cobalt. Cooke 
(1946, pp. 9, 56-9) considers the quartz diabase dykes (‘‘Nipissing 
diabase’’) to be older than the Whitewater series because they have 
not been found cutting that series. He cites evidence to show that the 
main norite mass intruded ‘‘Nipissing diabase”’ and, since it is younger 
than the Whitewater series, he considers that the time required for 
the deposition of the Whitewater sediments and volcanics must, as a 
minimum, have elapsed between the two intrusions. It should be 
noted, however, that the absence of Nipissing diabase in the White- 
water series does not prove that the diabase is older, though it cer- 
tainly suggests this. If these dykes are not older than the Whitewater 
series, the Nipissing diabase intrusives and the norite-micropegmatite 
mass need not be much different in age. 

Cooke has also recognized porphyritic olivine diabase dykes that 
are post-Nipissing diabase and pre-norite. Formerly, these were 
grouped with the numerous equigranular olivine diabase dykes that 
cut everything, including the Killarney, Murray, and Creighton 
granites 


Thus in the region between Lake Huron and western Quebec the 


following sequence exists, if Cooke's interpretations at Sudbury are 


accepted: 
olivine diabase (voungest) 


Killarney granite 
quartz norite-micropegmatite 
Whitewater series 
olivine diabase (porphyritic 
quartz diabase 


Cobalt series 


quartz diabase 


From the above table and the discussion it is apparent that at least 
two, probably three, and possibly four distinct age groups of diabase 
intrusives exist in this district. 

Moore and Armstrong (1943) have described three distinct series 
of dykes in the East Bull Lake area, twenty miles northwest of 
Espanola, Ontario. Quartz diabase is cut by ordinary diabase and 
both are cut by olivine diabase. Only the olivine diabase cuts granite 


masses considered to be equivalent in age to the Killarney granite 
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In many other areas olivine diabase dykes are seen to cut quartz 
diabase and both series are later than all other Precambrian rocks. 
Phis sequence appears to be so general that many geologists have 
tended to think that only two series exist and that they are equivalent 
in age throughout the Shield. Because they resemble the Keweenawan 
dykes and flows of Lake Superior district, they have been regarded 
generally as Keweenawan in age wherever found. The evidence from 
the most closely studied parts of the Shield, cited above, does not 


support this view. If there are pre-Cobalt diabase dvkes, why not 


pre-Bruce or pre-Huronian? 

As long as the history of the Shield was regarded as relatively 
simple, embracing only two or three Shield-wide orogenic episodes 
the correlation of the dykes throughout the Shield as Late Pre- 
cambrian appeared logical, indeed obvious. If, however, one considers 
that the continental platform has grown progressively through many 
orogenic cycles of many different ages-—and there is now a considerable 
body of evidence pointing to this (Gill, 1948; Wilson, 1949) --then 
the diabase dykes may also have been intruded at many different 
times, though always at a late stage in an orogenic cycle and always 
in similar relations to the rocks and structures of a particular mountain- 
built belt. 

As a rule, quartz diabase and olivine diabase are found in the same 
district and, where found in contact, the olivine diabase almost always 
cuts the quartz diabase (cf. Moore, 1929, p. 39). There are a few 
exceptions. For example, Cooke (1946, pp. 58-9) states that quartz 
norite cuts porphyritic olivine diabase in Sudbury district and M. E. 
Wilson (1952) has seen quartz diabase cutting olivine diabase in 
Noranda district. Such occurrences can be accounted for by the 
multiple age hypothesis, since late-stage injections might, in some 
instances, extend from one orogenic belt into an older one and cut 
dvkes belonging to the older orogenesis. This would, however, be 
exceptional. The evidence seems clear that quartz diabase and olivine 
diabase were characteristically injected in that order. If there were 
many orogenic cycles of different ages, it seems necessary to conclude 
that conditions in the late stages of each were markedly similar. 

Three suggestions have been made to account for the quartz diabase 
and olivine diabase facies: 

|. Existence of two separate earth lavers with these compositions, 
each providing magma at different times. 

2. Assimilation of acidic material on the way up, to produce quartz 
diabase from basaltic magma. 

3. Differentiation of a uniform basaltic magma during crystal- 


lization, 
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Of these, the last could account most satisfactorily for the sequence 
quartz diabase—olivine diabase. The upper, more acidic fraction 
would naturally be squeezed off first when conditions in the reservoir 


area favoured injection, though reversals would not be impossible. 


Occurrences like the Palisade diabase with quartz diabase above and 
olivine diabase below (Bowen, 1928) may be cited in support of this 
view. 


RELATION TO FOLDS AND FAULTS 


There appears to be no consistent relationship between the orien- 
tation of the dominant or local trends or rock structures in an area 
and the orientation of the diabase dykes. Many instances can be 
found where dyke sets cut bedding, fold axes, and occasionally pre 
dyke faults at acute angles. There are many places, however, where 
dykes are parallel or transverse to fold trends and many dykes are 
known to follow old fault lines. 

Unfortunately L.’ Esperance did not plot strikes of individual dykes 
mapped. He recorded the number of dykes mapped in each area and 
the dominant trends. The statistical analysis of trends is therefore 
not precise. However, it is evident that the dominant strikes are 
northeast, northwest, and north. These are known to be prevalent 
fracture directions in the outer crust throughout the continental areas 
(Hobbs, 1911) and it would appear that these fracture systems are 
controlled basically by forces dependent on secular changes of the 
earth body as a whole. It happens that the dominant fold trends in 
the parts of the Shield that have been mapped are east-west, northeast, 
and north-south. The common location of dykes parallel or transverse 
to the fold trends may, therefore, have little to do with control by 
these fold structures. Examination of Fig. 1 suggests that this is true, 
because province by province the relations are quite variable. 


Dominant fold 
trends Dyke trends 
Province (‘Archean"’) Dominant Subordinate 


Grenville northeast northeast 
Superior 
east part east northeast north 
west part east north, northwest northeast, east 


Churchill northeast northwest northeast 


Slave north northwest, northeast east 
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MANNER OF INTRUSION 


The dykes characteristically cut cleanly across various formations. 
Contacts are sharp and chilled. There is no evidence of replacement, 
and it is difficult to believe that stoping could have been an effective 
mechanism in such restricted channels. Partial assimilation of frag- 


ments has been described. At such places marked variations in compo- 


sition occur, but these examples are extremely rare. Uniformity of 
composition is the rule. At several places where there is no evidence 
of movement parallel to the dyke walls, contacts of formations striking 
the dyke obliquely have been observed to be displaced at right angles 
to the walls. This is a strong argument against stoping. It seems evi- 
dent from these facts that the dykes have formed from magmas in- 
1e¢ ted along fractures and that space was provided either by pressure 
transmitted through the magma or by external tensional forces acting 
across the fractures, or both together. 

The conditions of rise were probably more or less as outlined re- 
cently by Anderson (1951). The initial rise was along lines dictated 
by a reduction in lateral pressure (i.e. stretching) in one direction. 
Magma under pressure spread upward in sheets generally normal to 
the direction of least pressure, forcing the walls apart and restoring 
the pressure balance. The course followed, especially at shallower 
levels, must also have been influenced by the differential cohesion of 
the rocks in various directions; hence a rising fluid wedge encountering 
a weak shear zone at an acute angle would probably be diverted into 
it. Bedding, schistosity, gneissic banding and, in shallower zones, 
fractures must have exerted a similar influence, yet differential 
pressures were no doubt of equal importance in defining the path 
followed. 

The rarity of east-west trends indicates that reduction of pressure 
was dominantly in the east-west direction. The prevalence of north- 
east, northwest, and north-south trends, rather than those between, 
probably reflects the predominance of these trends in the basic Shield 
structures, which in turn were no doubt determined originally by the 
broader body forces. 


QUANTITATIVE CONSIDERATIONS 


The number of ‘‘diabase’’ dykes in the various parts of the Shield 
has frequently been described by the terms ‘‘rare,”’ ‘‘scarce,”’ ‘‘abun- 
dant,” or “‘innumerable."’ Representative quantitative data are difficult 
to obtain because for the many dykes plotted on geological maps 
there may be as many more unplotted or unnoticed. 
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From counts and measurements of dykes shown on published maps, 


L.’Esperance obtained the following figures: 


Number per Average Number of 
ma p-area thickness ma p-areas 


Ungava Peninsula not mapped 

Southern Quebec j 118 34 
Ontario 20) 105 

Manitoba and Saskatchewan rare 149 

North West Territories 25 


\verage 12 12. 


The North West Territories map-areas are best exposed and the 
incidence there may be taken as a near maximum. The low average 
for Quebec may be due to the extensive cover of drift and lake de 
posits. The Ontario average mav be low for the same reason. The low 
figure for Manitoba and Saskatchewan marks a definitely low inci 
dence of these dykes in this region, at least in the mapped areas 

Taking an average map-area to be 15 miles in an east-west direction, 
we may estimate roughly that for the whole Shield there is an average 


$+ 2320+ 0 + 25 


of — or 0.8 per east-west mile with an average thick- 


1X 15 
ness of 125 feet or O.8 &K 125 100 feet of diabase per east-west mile 
or a little under 2 per cent. For the North West Territories the equiva 
lent figure is 4 per cent. 

‘| hese heures tend to be low bee ause many dykes occur whi h are 
not exposed or were missed in mapping and many are too small to 
show on mile-to-the-inch maps. On the other hand all the dykes 
counted do not extend completely across the map-area. It would 
appear, therefore, that the east-west incidence of diabase should 


average not less than 1} per cent 
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Pleistocene Glaciation of Gaspé Peninsula* 


H. W. McGERRIGLE, F.R.S.C 


HistorY: DEVELOPMENT OF VARIOUS THEORIES 


bem extent of Pleistocene glaciation in Gaspé Peninsula has 
interested geologists since the time of the earl, explorations ol 
the Geological Survey of Canada. Richardson (1857) and Bell (1863), 
particularly the latter, sponsored the view that the Peninsula had 
been glaciated by local ice only. Robert Chalmers, then surface 
geologist of the Geological Survey, examined the region at intervals 
between 1880 and 1910. Chalmers’ observations were restricted largely 
to the coastal areas. Nevertheless he strongly supported and further 
developed the belief (see 1904 particularly) that Gaspé Peninsula had 
escaped continental or Laurentide glac iation. 

Coleman (1922) championed a modified theory of local glaciation 
of Gaspesia. Between 1895 and 1920 colonization of certain areas of 
this region was actively sponsored by the Province. Perhaps chief 
among these areas was that near Lake Matapedia and down Matapedia 
valley as far south as Causapscal. Thus, when Coleman visited the 
Peninsula, settlements, clearings, and roads gave him a great advan 
tage over earlier workers in opportunities to observe glacial phe 
nomena. Coleman found erratics of Laurentian-type rocks in the 
Lake Matapedia area. Farther south, near Causapscal, he found 
similar erratics a few miles east of Matapedia valley. Also, Coleman 
found granite gneisses of Laurentian type at various places along the 
north shore of the Peninsula, but all below the highest recognized 
level of marine submergence. In view of these discoveries, Coleman 
modified the Bell-Chalmers theory to one which, although still con 
tending that Laurentide ice did not cover the Peninsula as a whole, 
admitted that a lobe of that ice sheet passed southeastward down the 
Matapedia valley, and that another lobe moved down the Saint 
Lawrence valley. 

At the same time, as a result of his examination of the higher peaks 
of the Shickshock range, Coleman suggested that glacial ice had not 
stood above 2,500 feet in the Shickshocks and that the hills above this 
elevation were nunataks. 


*Published by permission of the Deputy Minister, Department of Mines, Quebec 
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The nunatak theory was accepted without criticism by some 
botanists who used it to explain the so-called “relict floras” that they 
had found in the higher Shickshocks (Fernald, 1925). However, it 
was soon found that the nunatak theory was not necessary in explana- 


tion of plant distribution in Canada and that the ‘relict’ floras were 
not so unusual as at first supposed (Wynne-Edwards, 1937; Marie- 
Victorin, 1938; Rousseau, 1948; Deevey, 1949; Scoggan, 1950). 

After and even before Wvynne-Edwards’ work in 1937, geological 
evidence was accumulated which threw doubt on Coleman's theories. 
In fact, when the record is examined, it is found that as early as 1918 
evidence was presented by Mailhiot of the Quebec Bureau of Mines 
that the summit of Mount Albert not only was glaciated but was 
glaciated by ice moving from north to south. Mailhiot did not identify 
this glaciation as Laurentide or local. Mailhiot’s evidences and con- 
clusions seem to have been little considered until the present time. 
In 1926, Alcock followed Coleman in the view that Laurentide ice 
did not cross the Peninsula and that the high ground of the eastern 
Shickshocks was not glac iated However, he did point out that evi- 
dences of glaciation are to be seen up to 3,000 feet, or some 500 feet 
above the elevation admitted by Coleman. After studying the Bay of 
Chaleur coastal regions and noting that glacial drift is common up to 
elevations of 1,800 feet, Aleock (1935) concluded that Laurentide ice 
must have crossed the Peninsula and that it probably crossed the 
Shickshock range. It was admitted, however, that good evidence for 
such conclusions was not found. 

Evidence that Laurentide ice had crossed at least the eastern 
quarter of the Peninsula (although the evidence was not so interpreted 
at the time), was provided by Jones (1934; 1937). In 1934, Jones dis- 
covered three boulders of ‘anorthosite on the Dartmouth river at 
elevations ranging up to 530 feet. And in 1937 another anorthosite 
erratic was found in Mississippi brook, a tributary of York river, at 
1,300 feet above the sea. Jones did not consider that the anorthosites 
were definite evidence of glaciation, although he was unable to explain 


otherwise the boulder at 1,300 feet elevation. According to Jones 


those at elevations up to 530 teet, on the Dartmouth, could have 
been rafted in by ice when the sea stood at a higher level. Throughout 
his work in Gaspé Peninsula, Jones consistently argued against 
Laurentide glaciation. His main arguments were that erratics of 
Laurentian origin were either very rare or unknown in the several 
areas mapped by him, and that, on the uplands, “the débris was 
identical with the solid bedrock underneath or nearbv”’ (Jones, 1934, 


p. 37) 
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Flint, Demorest, and Washburn in 1942, and Alcock in 1944, re- 
ported erratics of granite gneiss on Mount Albert. The erratics found 
by the former were too weathered to permit comparison with local 
rocks. Those found by Alcock, however, are almost without doubt 
foreign to Gaspé and hence probably Laurentian. This being so, there 
would seem to be little reason to doubt that Mount Albert was over- 
ridden by Laurentide ice. This was Alcock’s view. Flint, Demorest, 
and Washburn, however, took the cautious view that Laurentian 
type erratics on Mount Albert might mean only that such erratics had 
been brought to the Peninsula by Laurentide ice, deposited on low 
ground, and carried to the top of Mount Albert by local ice. In the 
writer's opinion such a possible complication may be discounted almost 
completely in view of the topography of the region and of what is 
known and may be inferred about the movement of local ice. 

Klint, Demorest, and Washburn (1942) noted obscure stoss-and-lee 
features on the Mount Albert plateau which could be interpreted to 
indicate ice movement from the northwest. Alcock (1944) also noted 
such surfaces and, in addition, referred to several broad fluted surfaces 
with direction S. 25° E. which appeared to be the result of glac ial 
grooving. Along the same lines Osborne (1943) assigns to glacial 
action the many erratics, mostly of Gaspé rocks, but with some 
possibly Laurentian, which he found on Mount Albert as well as a 
few flutes up to three feet wide with directions S. 40° E. 

The present writer on two occasions explored briefly parts of the 
plateau-like top of Mount Albert and has noted many erratics, but 
has failed to find any granite gneisses or other rock types suggestive 
of a foreign origin. However, in 1947, Mr. COme Carbonneau, then 
field assistant to the writer, found one Laurentian-type granite gneiss 
erratic as well as erratics of local types of rock all in the vicinity of 
the south geodetic station. 

The Tabletop group of mountains is some six to ten miles east 
and northeast of Mount Albert, and separated from it by the deep 
valley of Sainte Anne river. Here, the high point, and the high point 
of the Peninsula, is Mount Jacques Cartier at 4,160 feet — roughly 
100 feet higher than Mount Albert. Evidences of glaciation in the 
Tabletops such as cirques (Jones, 1932), striae, and erratics (Flint, 
Demorest, and Washburn, 1942) have been noted up te 3,500 feet in 
the case of cirques and striae and up to 3,700 feet in the case of erratics. 
The erratics were mainly local granites and no rock foreign to the 
Peninsula was noted among them. 

Thus, with Mount Albert known to have been gla iated across 
its summit of 3,775 feet, with evidences of glaciation up to 3,700 teet 
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in the Tabletops, and in the face of the necessity of allowing a few 
hundred feet of thickness for the ice, there remains little reason to 
suppose that any parts of the high Shickshocks were nunataks 
throughout Pleistocene time. A greater element of doubt may remain 
as to the origin of the ice. However, the erratics of Laurentian-type 
granite gneiss on Mount Albert lead to the further conclusion that 
Laurentide ice crossed the highest parts of the Peninsula. 

he conclusions given above result from a review of the evidence 
relating to Laurentide glaciation in Gaspé Peninsula as supplied by 
some dozen investigators. Most of this evidence applies to the eastern 
end of the Shickshock range, and as this includes the greatest eleva- 
tions in the Peninsula it is the critical area so far as Laurentide glacia- 
tion is concerned. 

The present writer has recorded the evidences of glaciation noted 
by him in wide travels throughout Gaspesia since 1937. Such evidences, 
mainly erratics, show that, contrary to all earlier belief, Layrentian- 
type erratics are widespread. Most of the erratics are on low ground 
(up to 2,500 feet) as compared with the high and critical Shickshock 
area. Nevertheless the distribution of the erratics, including those on 
Mount Albert, show that Laurentide glaciation was Peninsula wide. 

Thus, we have come from the theory of no Laurentide glaciation 
of Gaspesia, through partial Laurentide glaciation, to complete 
Laurentide glaciation. It has taken some eighty-five years to reach 
the present conclusion. The element of doubt yet may remain, of 
course, but this will add zest to future explorations of the Tabletops 
until a Laurentian-type erratic is found on or near their summit. 

lhe evidences of glaciation noted by the present writer have made 
it clear, also, that Laurentide glaciation of Gaspé Peninsula was fol- 
lowed by radial outflow of ice from highland areas. This radial out- 
flow was in two stages, the first being ice cap and the second being 
cirque or valley glaciation. The largest ice cap was that over the eastern 


Shickshocks, apparently with a centre of dispersal on the Tabletops. 


A second ice cap was centred over the Upper York—Béland hills. 
Other ice caps probably existed, but further work is needed to prove 
their presence. Recognition of the existence of such local glaciation 
has some economic importance. This is particularly true of the Upper 
York—Béland ice cap for it overlay the altered rocks and associated 
very important copper deposits on the headwaters of York river. 
Chalcopyrite-bearing float, carried several miles from its source, has 
held out false hopes of other economic deposits until it was realized 
that this was transported material. 
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The conclusions outlined above have depended in large part on 
various evidences of glaciation, particularly erratics, seen along roads 
in the interior of the Peninsula. Just as roads in Matapedia valley 
gave Coleman an opportunity to observe glacial phenomena which 
was denied to earlier geologists so have the motor roads in interior 
Gaspé benefited present-day observers. These roads, built mainly 
by lumber companies making free use of tractor and bulldozer, are a 
relatively recent development. The accompanying map shows the 
main roads only; there are many other shorter roads, most of which 
are abandoned after one or two seasons. If these roads had been 
available to earlier investigators it seems certain that the question 
of glaciation of Gaspé Peninsula would not have been so confused. 


THE RECORD OF LAURENTIDE ICE IN GASPE PENINSULA 


The evidence of Laurentide ice in Gaspesia rests mainly upon the 
distribution of erratics of granite gneiss, anorthosite, and a few other 
rock types all of which are characteristic of the Laurentian region 
north of the Saint Lawrence. The value of the evidence provided by 
granite gneisses is depreciated somewhat by the fact that, contrary 
to the general impression, gneissic rocks are present in the Peninsula. 
These are localized in the eastern quarter of the Shickshock range. A 
little of the granite of the Tabletop batholith is reported by Jones 
(personal communication) to be faintly gneissic. Much of the rock 
immediately bordering the Mount Albert serpentine mass on its 
north and east sides is a hornblende-garnet gneiss. Also, but very 
rarely, gneissic granite forms thin sills in the Shickshock series. It is 
not likely that erratics derived from any of these sources would be 
mistaken for Laurentian granite gneiss by anyone familiar with the 
region. However, the presence of such rocks in place in the Peninsula 
is a warning against the notion that any erratic with a gneissi 
structure must be Laurentian in origin. 

The distribution of erratics of Laurentian-type granite gneiss is 
shown on the accompanying map. It will be noted that these are 
relatively abundant in the western half of the Peninsula and particu- 
larly in the Matapedia valley, in the Assemetquagan valley, and 
about the heads of the Nouvelle and Causapscal rivers and the middle 


and upper waters of the Salmon Branch of Grand Cascapedia river. 
Granite gneiss is shown on Mount Albert and in Seventeen-Mile 
brook to the west of Mount Albert. Also, a granite gneiss boulder was 
found on the steep north flank of the Shickshock range nearly north 
of Lake C6té, while another was found north-northwest of Mount 
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Albert in a la Marthe brook just above the Sainte Anne River road. 
Granite gneiss erratics are rare in the eastern half of the Peninsula. 
Alcock (1935) mentions some such erratics between New Carlisle and 
Percé, the highest of which is somewhat over 400 feet above the sea. 
Granite gneisses are common along the tidal flats of the north shore 
of the Peninsula, and have been noted here and there up to elevations 
of 350 feet, but inasmuch as these could have been rafted by ice, they 
are not important to the present discussion. In all of the interior of 
the eastern half of the Peninsula only two boulders of granite gneiss 
have been noted, both in Fletcher township in the Upper York River 
region at elevations of approximately 1,000 feet and 1,500 feet. This 
general region, also, and specifically the lower parts of Basque and 
Patch brooks and the more northern International Pulp and Paper 
Company road near the York River crossing, all in Fletcher township, 
has vielded a group of erratics including granites (one type being 
gneissic), quartzite, and an iron-rich sediment none of which is native 
to Gaspesia. Specimens of these rocks were submitted to F. k. Osborne 
and Paul Grenier who agreed that they could have been derived from 
the Precambrian of the Sept Iles region. 

Phe presence of erratics of anorthosite in Gaspé Peninsula may be 
considered as the most compelling of the indirect evidences that the 
Peninsula was crossed by Laurentide ice. Anorthosite is not known 
to outcrop in the Peninsula. The only known source for the erratics is 
the Laurentian area to the north of the Saint Lawrence. 

The distribution of the anorthosite erratics in the western part of 
the Peninsula is very similar in pattern to that of the granite gneiss 
erratics, but the anorthosites are much less common. Only at one 
locality was more than one anorthosite erratic seen; this was in a 
morainic deposit in a shallow cut by the south side of the Hammermill 
Company road near the headwaters of the Cap Chat river. Anorthosite 
erratics have not been noted in the high central part of Gaspesia. 
In fact, there is a belt here some 50 miles wide extending across the 
width of the Peninsula from which anorthosites have not been re- 
ported, 

In the eastern part of the Peninsula anorthosites are known at 
only three localities, one on the Dartmouth river and two in the 
drainage basin of the York river. Jones (1934) reported three boulders 
of anorthosite on the Dartmouth river at elevations up to 530 feet. 


\lso, Jones (1937) reported a 10-inch boulder of anorthosite in the 


gravels of Mississippi brook at an elevation of 1,300 feet. The present 
writer found one cobble of anorthosite on a Canadian International 
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Pulp and Paper Company road in Fletcher township at an elevation 
of 1,400 feet. 

The direction of flow of Laurentide ice across the Peninsula is not 
well established except in the western section. On the accompanying 
map a line drawn southeast from the western end of the Shickshock 
range represents the western boundary of the area in which erratics 
of the altered Shickshock volcanics were noted by the writer. Many 
such erratics were seen on the roads and in the brooks at the head- 
waters of the Nouvelle river, but only one such erratic was noted in 


the Assemetquagan river just to the west. It should be noted that 


the western part of the Shickshock range is relatively low, particu- 


larly that part west of the Matane lakes, and is not known to have 
supported local glaciers; in fact, the only roads penetrating this area 
show some large Laurentian-type erratics. These latter erratics prob- 
ably would not have remained in such relative abundance if local 
cap ice had moved out from this area. 

The distribution of erratics of the distinctive serpentine of the 
Mount Albert area and granite of the Pabletop area beyond the 
limits of local ice ¢ ap flow would prov ide good evidence of the direction 
of Laurentide ice flow. However, the area to the southeast of these 
masses has not been explored well enough to provide satisfactory 
information. The critical area is that to the east of the Grand Casca 
pedia river. It may be said that to the west of the Grand Cascapedia 
river erratics of granite and of serpentine certainly are rare and may 
well be absent, but they are known to the east of the river. Of par- 
ticular importance is the locality on the Bathurst road between the 
two Cas apedia rivers, about seven miles north of Cas« apedia village 
Here, on the height of land, scattered erratics of granite, serpentine, 
and Shickshock schist occur. This implies, in view of the geographi 
position of Mount Albert and the Tabletops, that Laurentide ice 
must have travelled from west of north to east of south. Striae and 
flutes are of little value as evidence in this connection for all of those 
known could have been produced as well by local as by Laurentide ice 
The only possible exceptions to this are the flutes on the summit of 
Mount Albert. The directions of movement suggested by these flutes, 
according to the various observers, are south, S. 25° E., and S. 40° | 


or an average of south-southeast. 


Poe RecorD oF LOCAL GLACIATION IN GASPE PENINSULA 


lhe presence of erratics of Tabletop granite on the uplands and in 


the vallevs from northwest around to the east and on to the southwest 
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of the Tabletop highland is evidence of radial outflow of ice from this 
highland. Granite erratics up to five feet in diameter, often rounded 
and soled, are common as far as fifteen miles from the Tabletops in 
all directions except westward. The valley of Sainte Anne river from 
the forks at the foot of Mount Albert to the Saint Lawrence roughly 
marks the boundary of the spread of Tabletop erratics to the north- 
west; northward the erratics extend to the Saint Lawrence; the north- 
eastern limit appears to be about at the divide between the Anse 
Pleureuse and Manche d'Epée valleys; to the east the spread of Table- 
top ice was limited to some extent by topography but probably, also, 
it was limited by another ice cap, that of the Béland—Upper York 
area -in any event granite erratics are very scarce east of the Béland 
River valley; to the south the limit of spread has not been determined, 
but certainly it is south of the Bathurst Company road on which 
granite erratics as far as fifteen miles from their source are locally 
very common; to the southwest granite erratics are known on the 
Federal hills and to the base of the Mount Noble escarpment some 
twenty miles from the Tabletops. Erratics of Tabletop granite are 
not known from the uplands west of Grand Cascapedia river. 

Westward from the Tabletops, on Mount Albert, erratics of granite 
are relatively rare and small. So much is this in contrast to the erratics 
in other directions that attention must be given to the possibility 
that ice from the Tabletops did not cross Mount Albert. This possi- 
bility is supported by the apparent absence of granite erratics in the 
fifteen-minute width of the Shickshocks immediately to the west of 
Mount Albert (McGerrigle, MS., 1950). This possibility may be 
considered as at least an alternative to the one already suggested 
(Flint, Demorest, Washburn, 1942), that Laurentian-type erratics of 
granite gneiss might have been carried to the Mount Albert summit 
by local ice —if such local ice did not come from the Tabletops it is 
difficult to imagine any other source particularly on the north side 
of the Shickshock range. 

The strength and the distribution of the records of local glaciation 
given above make it obvious that ice cap as opposed to valley glacia- 
tion was the cause. The number, size, and distribution of the erratics 
leave little room fo. doubt that the ice cap was post-Laurentide. 
Such being the case one reason is provided why Laurentian-type 
erratics are scarce in the Tabletop area —the most obvious reason, so 
far as the summit areas are concerned, is the upheaving and the over- 
turning effects of frost action. 

The distribution of erratics of serpentine from Mount Albert suggest 


that at a late stage in the glacial epoch a separate cap formed on this 
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highland and spread north, northwest, and south from it. Also, it is 
known that some flows of ice took place northward and southward 
from the Shickshock range as far west as the Matane lakes, but the 
details of the records of this glaciation are lacking. 

Most of the evidence given above points to flows of ice away from 
high areas across lower ground. Some evidence that ice flowed upgrade 
into the Shickshocks from the south is found to the west of Mount 
Albert. On the northwest shore of Lake Cascapedia, at elevation 
2,400 feet, a large block of cherty limestone of the Lower Devonian 
Grande Gréve formation was found. This formation is known in the 
particular region only to the south of the Shickshocks. Also, between 
Lake Cascapedia and the southwest corner of Mount Albert, at 
elevations up to 2,800 feet, erratics of granite porphyry were common. 
Rock of this particular type is known only in the large sill-like in- 
trusive to the south of Mount Albert (see accompanying map). It is 
possible that in a late stage of the glacial history of the region the 
centre of glaciation was south of the Shickshock range over the general 
area of the granite porphyry sill and that ice moved northward from 
here into the Shickshocks. 

Some twenty miles to the east of the Tabletops the Béland—U pper 
York River highland stands out prominently. The area of this high- 
land, as shown on the accompanying map, is about the same as that 
of the Tabletops but the average elevation is nearly 1,000 feet lower. 
Here, many of the summits stand at or near 2,800 feet above sea-level. 
The highest point, 3,000 feet, is Mount Béland in the western part 
of the highland. The best-known hills are those in the copper district 
towards the northeastern limit of the highland. These include Mounts 
Needle (2,985 feet), Copper (2,615 feet), and Porphy rv (2.865 feet). 

The Béland-Upper York River highland area is develop.d on the 
Lower Devonian Grande Gréve formation. This formation, in general, 
is a dark grey, hard, calcareous siltstone to cherty limestone. In the 
copper area this calcareous-siliceous rock has been altered to a light 
grey, harder rock which is easily distinguished from the unaltered 
formation. Associated with the Grande Gréve are intrusives of quartz 


and of feldspar .porphyries. The extent of the flow of ice away from 


the highland is deduced from the spread of erratics of porphyry and 


of altered sedimentaries. The limits of such spread as known to the 
moment are shown on the accompanying map. 

Judging from the erratics along the Park road in Bonnécamp 
township it would seem that the Béland-Upper York River ice spread 
only two or three miles beyond the base of the highland. In fact, the 
suggestion is, from the scattering of granite erratics to the west of 
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Béland river, that this ice cap was closely confined to the Béland hills 
by pressure of ice from the Tabletops. In other directions, however, 
the Béland-Upper York River ice was more free to expand. It reached 
to, or almost to, the Saint Lawrence on the north (about eighteen 
miles), and at least ten miles to the east and to the south. Possibly 
the ice extended a greater distance down the valley of York river than 
in any other direction, but the actual extent here is not known. 

As with the Tabletops the pattern of distribution of the erratics 
here leaves little room for doubt that they were carried by ice spreading 
out from an ice cap located on the Béland-Upper York River highland 
centre. The presence of the erratics on the hills as well as in the valleys 
to the north and east of the highland area shows that, in general, 
they were not distributed by valley glaciers only. Valley glaciation 
probably was active, but at a later stage. Around York lake, and 
particularly near the outlet, there is so much débris of altered rock 


of the copper area type that close prospecting was done in the hope 


of finding the altered rock in place. However, it seems quite apparent 


now that the débris is erratic and was transported from the copper 
area some five miles to the west. 

It is possible that other highland areas as, for example, Mount 
Sterling some six miles to the south of the Tabletops, and the Mount 
\lexander area in Vondenvelden township supported individual ice 
caps. These areas have not been examined with that idea in mind, 
however. 

The extent of valley glaciation in the Peninsula as a whole is not 
well known. Probably such glaciation was more extensive than is 
credited generally. Cirques and U-shaped valleys are conspicuous and 
hanging valleys are occasional in the high, eastern part of the Shick- 
shock range, that is, around the Tabletops and Mount Albert. 
Features suggesting such glacial topography show in the Shickshock 
range as lar west as the Matane lakes. Also, they show here and there 
to the northwest, north, and northeast of the Tabletops as far as the 
Saint Lawrence shore. Cirque-like valley heads and U-shaped valleys 
may be seen in the Béland—Upper York River highland area. 


OTHER EVIDENCES OF GLACIATION IN GASPE PENINSULA 
Striae 


Essentially all of the glac ial striae recorded are shown on the 
accompanying map of the Peninsula. Those shown along the coastal 
border and in the Matapedia valley were’recorded by Coleman (1922) 
with a few additions by Alcock (1935).°Those shown in the interior 
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were recorded by the writer except for the flutes on Mount Albert 
(Osborne 1943, Alcock 1944), the striae in the Federal area (Alcock 
1944), and that on the west side of the Tabletops (Flint, Demorest, 
and Washburn, 1942). 

Most of the striae noted, and particularly those in the interior, 


appear to be records of the movement of local ice. However, the 


flutes on Mount Albert may well be a record of the movement of 
Laurentide ice, and they agree with fan or boulder train indications 
that Laurentide ice moved from northwest to southeast across the 
Peninsula. The striae in the Matapedia valley and on the south shore 
of the Peninsula may also support this conclusion. In general, how- 
ever, the evidence provided by the striae is lightly considered because 
of their dependence upon the local contour, and the difficulty of being 
sure either of the direction of movement or of the source of the ice 
that produced them. 
Boulder Clay 

Coleman (1922) has referred to the presence of boulder clay at 
‘almost every river mouth along the north shore’ of Gaspé Peninsula, 
in the valley of Lake Matapedia, and at the Federal hills to the south 
of Mount Albert. Previously Chalmers (1904) had examined the 
north shore belt and recognized boulder clay only at Fox River and 
Sainte Anne des Monts. Chalmers (1886) mentioned the occurrence 
of till on the Bay of Chaleur coast between the Little Bonaventure 
and Leblanc brooks (Hamilton township), and also between Point 
Maquereau and Port Daniel, at Black Cape, at a lake north of New 
Richmond, and in the lower Nouvelle River valley 

Apparently boulder clay is not widespread in the interior of the 
Peninsula. This deposit was mentioned by Jones in only one of his 
nine reports on nine interior map-areas, and it was not mentioned by 
Alcock in his report on the Mount Albert map-area (1926) or on the 
Chaleur Bay region (1935). Jones (1929) refers to a deposit of boulder 
clay on the main road about two miles south of the Federal Zine and 
Lead mine. The present writer has not seen any other deposits in the 
interior of the Peninsula that he would class as boulder clay. 


Moraines 

The widespread occurrence of erratics of both Laurentide and local 
origin in Gaspé Peninsula suggests that ground moraine should be 
recognizable in many areas. However, in much of those areas where 
erratics are most plentiful the main part of the soil and débris obvi- 
ously was derived from the underlying bedrock. In fact, the surface 
débris is a reflection of the underlying bedrock over most of the 
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Peninsula. This feature has been used for many years in argument 
against general glaciation of the Peninsula. Few areas are known to 
the writer where the term ‘ground moraine” or ‘sheet moraine” 
possibly may be applied. One is between the Lake Branch of the 
Grand Cascapedia river and the base of the Berry Mountains escarp 
ment to the south (see also Jones, 1929, who mentioned ‘‘low, moraini 
ridges’’ here). Another is south of the Shickshock range in the Cap 
Chat River area. And a third is north of the Shickshock range, be- 
tween it and the Sainte Anne river. Also, the local concentration of 
erratics in low north-south cols in the western part of the Peninsula 
may indicate ground moraine 

Coleman (1922) refers to ‘“‘morainic hills” in the Lake Matapedia 
area; however, apparently most of these hills are underlain by stratified 
gravels (Alcock, 1935) and are now classed as kames. Flint, Demorest, 
and Washburn (1942) noted a ‘‘morainelike feature’? at Lac aux 
\méricains. 

Thus, very few deposits with form or thickness sufficient to be 
classed as moraine have been recognized in the Peninsula. In view of 
the heavy forest growth in interior areas this is not too surprising, 
and it may well be that as the Peninsula becomes more and more 
cleared and settled morainic and other glacial deposits will become 


more apparent 


Kames and Eskers 

The hummocky surface typical of kame and kettle topography is 
well displayed in the valley of Lake Matapedia. Several of the kames 
are serving as sources of gravel for road maintenance. A smaller area 
of probable kames is present in the York River valley shortly above 
Pine brook, in Fletcher township, and two small hummocks on the 
York River flat at Sunny Bank probably are kames (McGerrigle, 
1950). Coleman (1922) mentions a massive kame one mile west of 
Carleton and a striking kame near Nouvelle. Eskers have been recog- 
nized at two localities only. Jones (1932) observed short eskers in a 
few valleys not far below cirque basins in the Tabletops. One esker 
was noted by the writer on the west side of the East Branch Bona- 
venture river about four miles above the forks. This esker is 700 feet 
in length and rises to fifty feet above the flood plain of the river. A 


kettle hole shows between the esker and the valley wall. 


Permafrost 


Although not directly connected with glaciation the presence of 


some permanently frozen ground in Gaspé Peninsula is worthy of note. 


Actual demonstration of this has been provided at only one locality 
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so far as the writer is aware. This was close to the base of the valley 
wall east of the Salmon Branch of Grand Cascapedia river where the 
Bathurst Company road turns to cross the branch. Here, talus from 
adjacent cliffs lies under a cover of moss and scrubby tree growth. 
The upper four feet of the talus deposit was too tightly bound by 
frost (August, 1947) to be removed by bulldozer. The depth of the 
frozen ground is not known. The elevation is 975 feet. 

The temperature of the water in those streams with sources in the 
higher ground in or near the eastern end of the Shickshock range sug 
gests that permafrost probably is widely distributed throughout this 
area. 

It has been said that snow remains on the Tabletops and Mount 
\lbert the year around. This has not been verified in the experience 
either of Jones (personal communication) or of the writer, nor is it 
suggested in the writings of Alcock or Coleman. However, the writer 
has seen snow in some gullies as late as mid-August, and it is quite 
probable that snow does remain or has remained the year around at 
certain times. In any event, it is apparent that the climatic conditions 
are very close to those required for a return of cirque glaciers to the 


eastern and high Shickshocks. 


GLACIATION OF HIGHLAND AREAS IN SOUTHERN QUEBE¢ 


On purely theoretical grounds, and accepting Laurentide glac lation 
ol Gaspesia, it is difficult to conceive of anything less than five stages 
in the glacial history of the Peninsula— or of any similar highland area 
in northeastern North America where Laurentide glaciation was 
effective. These stages would be as follows: 

1. Cirque or valley glaciation 


“. Local ice ( ap 


3. Laurentide (‘continental’) ice sheet 
| 


° Local ice cap 

). Cirque or valley. 

In the nature of things there is in Gaspé Peninsula little direct evi 
dence for the first two stages, but there is considerable evidence for 
stages’3, 4, and 5. 

The multiple-stage concept ot Pleistocene gla jation in a highland 
area is not new. A four-stage concept was implied for Gaspé Peninsula 
by Chalmers (1904) and by Coleman (1922). These two geologists 
were the two chief proponents of the theory that Laurentide ice did 
not cross interior Gaspé; otherwise, no doubt they also would have 
supported the five-stage concept. Chalmers (1904) and Aubert de 
la Riie (1941) give evidence of advance of ice northward from the 
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Notre Dame mountains in the area west of Lake Matapedia. Inasmuch 
as Laurentide ice also covered the area to the north of the mountains, 
if not the mountains themselves, the record shows at least two stages 


of glaciation here. Three stages of glaciation were implied by Tarr 


(1900) for the Mount Katahdin area in Maine. Four to five stages 
(of somewhat different pattern from those listed above) were postu- 
lated by McLean (1944) for Appalachian areas in Quebec. Osborne 
(1951) has confirmed earlier suggestions that the Laurentide Park area 
between Lake Saint John and Quebec City supported an ice cap after 
retreat of Laurentide ice from the region. Flint (1951) has reviewed 
the evidence for highland centres in northeastern North America. 
In many of them there is evidence of local glaciation, either of the 
ice cap or of the valley glacier type or both, after retreat of Laurentide 
ice. Thus, two to three stages of glaciation may be demonstrated for 
many highland areas in northeastern North America. 
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Oil Occurrences of East Central Gaspe 


W. A. ROLIFF* 


Presented by CYRIL W. KNIGHT, F.R.S.¢ 


INTRODUCTION 


HE search for oil in the proximity of seepages or other surtace 

manifestations has led to the discovery of many of the important 
oil fields of the world. The Drake well, the first produc tive well drilled 
in the United States, and the discovery well at Oil Springs in Ontario, 
the first oil well in Canada, were both drilled near oil seepages. Many 
of the prolific fields of the world, notably those in the Dutch East 
Indies, Iran, Iraq, Mexico, Venezuela, California, the Turner Valley 
field in Western Canada, and others, were discovered because of oil 
Or 2as See pages. 

While in many cases see pages point to the possible presence of 
large deposits of oil or gas in a region, in other cases they are the 
result of the destruction of major accumulations of oil. In New Zealand, 
Cuba, Madagascar, parts of Oklahoma, and several other areas there 
is an abundance of seepages, but prospecting in the vicinity of these 
has not revealed important commercial accumulations. 

Oil seepages definitely prove that the sedimentary rocks within 
a basin have generated oil and that a source is present. A careful 
study of the relationship of the seepages to stratigraphy, sedimen 
tation, and structure will often yield important information con 
cerning the possibilities of commercial accumulation of oil or gas in 
a region or a sedimentary basin. Oil seepages in the Gaspé Peninsula 
were first observed as early as 1836 and since that time more than 
eighty seepages (Parks, 1929) have been reported. Nearly all of these 
occur in the east central part of the Peninsula. 

It is not surprising, therefore, that it was in this area, in 1860, that 
the first drilled well in Canada was begun. Since that time, seventy- 
two wells have been drilled in the area, most of which had good 

*Manager, Eastern Division, Producing Department, Imperial Oil Limited. Pub- 


lished by permission of Mr. E. S. Neal, General Manager, Producing Department 
Imperial Oil Limited 
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showings of oil or gas, but none of which obtained oi! or gas in com- 
mercial quantities. The purpose of this paper is to attempt to indicate 
the possible significance of the showings of oil and gas in these wells 
and of the numerous seepages present in the Gaspé area. In order to 
evaluate the significance of the oil occurrences it is necessary to 


consider first the fundamental geological structure of the region. 


GEOLOGY AND TECTONICS 
Physiographically, East Central Gaspé forms the extreme north- 
eastern end of the Appalac hian mountain system on the continental 
mainland 
According to McGerrigle (1950), “In Gaspé Peninsula, as in the 
Appalachians proper ol the United States, the rocks are strongly 
folded for the most part. The rocks involved in this folding range in 
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FiGure 1.—Main physiographic divisions of North America 


age from possible Precambrian to Devonian. There were at least two 
major periods of folding, one at the close of Ordovician time (the 
Taconic), the other in the latter part of Devonian time (the Acadian). 
The main period of Appalachian mountain-building or folding was 
in Permian time, but this folding had little direct effect on Gaspé, as 
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is shown by the flat to gentle dips of Carboniferous rocks, which in 
southern Gaspé overlie the folded Devenian and older formations.” 
Because of the extensive deformation and fracturing which the 
Ordovician strata have undergone, these have been deemed ‘‘basement 
rocks” in considering the oil prospects of the Gaspé Peninsula (Caley 
et al., 1951). The part of the Gaspé Peninsula that offers some promise 
of future oil and gas production stretches across the central portion 
of the region and comprises a belt of about 5,000 square miles that is 
underlain mainly by rocks of Silurian and Devonian age. The surface 


distribution of these rocks, the locations of the wells drilled, seepages 


and other indications of oil are shown on Fig. 2. 

\ considerable thickness of Silurian rocks underlies portions of the 
area favourable for prospecting. In the eastern part these rocks are 
predominantly sandy limestones and siltstones with good limestone 
and reef development in places in several horizons. In a few localities 
there are volcanic rocks, in the upper part of the series. 

In the east central portion of the Peninsula in the Imperial Gaspé 
No. 1 well on the Bald Mountain anticline, a showing of gas was 
obtained at a depth of 4,711 feet in what appears to be reef-like ma- 
terial in a series of siltstones of Silurian age, possibly equivalent to 
the Gascons formation of the Port Daniel area. The only other direct 
evidence of the possible presence of petroleum in the Silurian consists 
of dried-up bituminous matter and a petroliferous odour in reefs at a 
few localities. There is therefore little that can be said concerning 
these indications, other than that reefs conteining oil or gas may be 
found ir the Silurian, 

The most important and signific ant occurrences of oil are associated 
with Devonian rocks. 

The essential characteristics of the nature and sequence ol these 
rocks in East Central Gaspé and the relationship of the oil occurrences 
have been summarized in Fig. 3. 

The variations in the character and thickness of the Devonian 
formations in the region under consideration are illustrated in the 
accompanying fence diagram (Fig. 4). 

A study of the stratigraphic sequences, thicknesses, and facies 
changes in the various sections available in eastern Gaspé, shows that, 
in general, each carbonate unit thins northward, thickens and becomes 
more shaly towards the south or southwest, and finally becomes some- 
what sandy in the extreme south and southwest. Reefs are present in 
the Saint Alban. There is a relative lack of fossils in the Grande Gréve 
in the southern part of the region compared with an abundance of 
fossils along the northern edge. The abruptness of the facies changes 
in the Grande Gréve in the Joncas area, and the character of the 
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Fortin strata suggest that these sediments were deposited in a deeper, 
more mobile part of the basin, possibly on the edges of a borderland 
to the south. Structural evidence also suggests that the Fortin rocks 
were deposited some distance south of their present position. The 
character of the Cape Bon Ami and the general absence of fossils in 
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the formation suggest that much of the formation was deposited in a 
relatively stagnant zone of the depositional basin, below the wave base. 

In view of the evidence cited above, it appears that deposition, 
during most of Devonian time in the Gaspé area, took place in an 
intra-continental type of basin. The postulated framework of this 
Devonian depositional basin is illustrated in Fig. 5. 

A study of similar types of basins which have been proved to be 
productive, i.e. Anadarko-Ardmore basin in Oklahoma or the Persian 
Gulf basin, shows that oil occurs in, or adjacent to, prominent depo- 








FIGURE 5.—Gaspé framework Devonian depositional basin (diagrammati 


sition sinks or centres of subsidence, and, in general, more oil has 
been found in the mobite portions of such a basin than on the broad 
stable parts. In view of this it would be expected that evidence of oil 
would most likely be found in the Basin Hinge-Belt precisely where 
such evidence occurs. In this belt, showings of oil have been obtained, 
in wells drilled, in the Grande Gréve, York River, and/or York Lake, 


and Battery Point formations, and seepages occur assot iated with 


each of these formations. It would also be expected that evidence of 
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oil would occur in the vicinity of the borderland of the basin, but this 
portion of the basin, except for a few remnants which appear to have 


been displaced to the north by thrusting, was subsequently uplifted 


and eroded away. 


STRUCTURE 


lhe present structural features of the region and the relation of the 
wells drilled to these are shown on Figs. 6 and 7. 

Locally the area under consideration was subject to orogenic move- 
ments of some intensity following the deposition of the Upper Ordo- 
vician or Lower Silurian strata. These disturbances were succeeded 
by a period of erosion and downwarping culminating in a geosyncline 
which extended far into the Gaspé Peninsula. Middle Silurian seas 
invaded this depression and were followed by Devonian seas perhaps 
after minor disturbances and a short period of erosion. Marine waters, 
however, were replaced by fresh water during late Middle Devonian 
time. 

Orogenic movements that culminated in post-Middle Devonian 
time were probably inaugurated during Lower Devonian time, and 
became intense after the deposition of Middle Devonian sediments, 
affecting all strata from Upper Ordovician to Middle Devonian and 
forming the structures that are now observed (Fig. 6). 

The structures observed consist of a series of long east-west trending 
thrust-faulted uplifts that swing towards the south and tend to die 
out towards their eastern extremities. The most important of these 
are the Bald Mountain, Mississippi, Galt, Hay Creek and St. John 
River anticlines. 

The geographic position of these structures, their nature, and the 
relationship of the seepages and the wells drilled to these are shown 
in Fig. 7 


Or AND GaAs SHOWINGS IN WELLS DRILLED 


There are four areas where oil and gas showings were obtained in 
the Battery Point, York River, and/or York Lake, and Grande Gréve 
formations, which deserve special consideration, either because of 
the number of wells drilled or because of the structural position of the 
tests. These are as follows: 

|. Mississippi Brook Area. \n this area about 20 wells were drilled, 
9 of which penetrated the Grande Gréve up to a maximum of 550 feet 
Thirteen had showings of oil or gas in the York River, 7 at the contact 
of the York River and Grande Gréve, and 2 in the Grande Gréve. 
Subsurface’ data indicate that these were located on a monoclinal 
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flexure on the flank of the large, deeply eroded Mississippi anticline. 


The Cape Bon Ami formation is exposed on the highest part of this 
structure. Obviously such a location is unfavourable for the accumu- 
lation of large quantities of oil or gas, in the Grande Gréve or younger 
formations. The best showing was obtained in well P.O.T. 20 in the 
York River formation about 300 feet above the top of the Grande 
Gréve. Although this well was drilled in 1896 it is still possible to bail 
oil from the hole. The maximum yield, by pumping, was about five 
barrels in one day. Production was obtained in a sand, with local 
trapping due to a small fault to the north. Permeability evidently is 
very low. In 1945 a well was drilled 113 feet to the east of P.O.T. 20, 
which also failed to find commercial production of oil or gas. 

This drilling, therefore, contributed little towards the appraisal of 
the oil and gas possibilities of the area, other than to indicate possible 
horizons where oil and gas might be expected, and to suggest that 
prior to the erosion of the crest of the large fold to the north, considera- 
ble quantities of oil and gas may have been pooled in that fold. The 
Mississippi No. | well drilled farther up-dip on the fold completely 
penetrated the Cape Bon Ami formation without obtaining any 
showings of oil or gas in that formation or any evidence of porosity. 
It can therefore be stated with reasonable certainty, that the prospects 
for production in the Cape Bon Ami on the large Mississippi anticline 
are poor. It is probable that such a conclusion would be justified in 
regard to other structures in the same belt. 

2. Silver Brook Area. In this area also about 20 wells were drilled, 4 
of which had showings in the Grande Gréve, 4 at the Grande Gréve 
and York River contact, and 9 showings in the York River. Most of 
these wells were located on a fault block well down the flank of an 
eastward plunging anticline. Four were drilled on the north flank of 
the anticline. The York River outcrops over most of the structure 
and on the highest part the Grande Gréve limestone is exposed 
Considerable faulting is present in the area. The structure, therefore, 
is not a favourable one for the accumulation of large quantities of oil 
or gas in the York River or upper part of the Grande Gréve formations. 
In 1943 a well located on the highest part of the structure was drilled 
to a depth of 2,751 feet and failed to obtain commercial production 
in the Grande Gréve. This well should have provided a proper test 
of the structure so far as that portion of the Grande Gréve penetrated 
is concerned. 

3. Galt Anticline. Vhe Galt anticline is situated about five miles north 
of the Silver Brook Area and appears to be a minor fold, three to four 
miles long with closure of about 500 feet, on the flank of a major uplift 
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three miles to the north. Two tests have been drilled on the structure, 
Venture No. 1, near the crest, and the other, Venture No. 3, 200 feet 
lower structurally on the south flank. Venture No. 1 penetrated the 
upper 1,184 feet of the Grande Gréve. A few showings of oil and gas 
were obtained in the York River and in the Grande Gréve. The best 
showing of oil occurred 350 feet below the top of the Grande Gréve 
and yielded only four gallons in 36 hours. Venture No. 3 penetrated 
about 400 feet of Grande Gréve and had a showing of oil, gas, and 
water about 300 feet below the top of the formation. 

An excellent seepage occurs on the major uplift to the north, at or 
near the contact between the Grande Gréve and York River forma- 
tions. 

Similar types of structures of comparable magnitude have yielded 
commercial production in other basins and it seems likely that the 
failure to find production on the Galt Anticline was due to lack of 
sufficient porosity to permit pooling in the Grande Gréve formation 
or in the lower part of the overlying sandstones and shales. 

4. Haldimand Peninsula. Seven wells have been drilled on folded 
strata in the Haldimand Peninsula and all of these wells began drilling in 
the Battery Point formation. Four of the seven had good showings of 
oil and gas in the lower 1,000 feet and three had showings in the upper 
part of the York River. The lower part of the Battery Point consists 
mostly of greenish-grey sandstones with some greenish shale and 
conglomerate. The character of the showings in the Haldimand wells 


suggest that’ porosity is better in the Battery Point than in the 
York River. 
The other wells drilled in the Gaspé Peninsula require no special 


comment since the results are of no particular significance. 

In general, in the wells drilled, the best showings of oil were obtained 
at the Grande Gréve—York River contact. Most of the other showings 
in the Grande Gréve occurred in the upper 350 feet and those in the 
York River in sands in the lower, more shaly part of the formation. 
There is some evidence that, at least in places, the Grande Gréve may 
have been subjected to erosion prior to the deposition of the overlying 
sandstone-shale series and the numerous indications of oil at the 
contact support such a conclusion. It is possible, therefore, that at 
other localities better porosity may have been developed at this 


contact. 


SEEPAGES 


Numerous seepages are known in the eastern part of the Gaspé 
Peninsula. When these are analysed, four distinct types appear: 





W. A. ROLIFF 65 


1. Seepages associated with faults. The largest occurs between the 
Mississippi and Silver Brook areas (Fig. 8) where a major fault cuts 
the Grande Gréve and York River beds. Other localities are the north 
side of the Mississippi Anticline, in Douglas township, and possibly 
some of the seeps on the Haldimand Peninsula shore. This type of 
seepage, when associated with petroliferous limestones such as the 
Grande Gréve, may have little significance, as the shattering of the 
limestones by faulting often releases indigenous oil which accumulates 
in the fractures. When associated with sandstones, however, this type 
of seepage may indicate reservoir beds which have been brought to 
the surface and which may be buried and sealed on the opposite side 
of the fault. 
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FIGURE 8.—Four main types of seepages in east central Gaspé. 


2. Seepages associated with unconformities. The seepage to the north 
of the town of Gaspé and the one to the north of the Galt Antictine 
are believed to be examples of this type. These suggest that some oil 
might be pooled in localities where sufficient porosity has been de- 
veloped in the top of the Grande Gréve. It is difficult to determine 
whether any such localities remain in Gaspé. It is probable that if the 
major uplifts were initiated soon after the deposition of the Grande 
Gréve, there was good porosity and possibly oil pooling was present 
over the now denuded crests of these uplifts. Any remaining favourable 





66 THE ROYAL SOCIETY OF CANADA 


porosity in the Grande Gréve would more likely be found along the 
basin margins. 

3. Seepages on eroded anticlines. This type occurs on the Mississippi 
fold, and on the Haldimand fold, and simply indicates the former 
presence of a probable oilfield. 

1. Seepages associated with igneous rocks. The liquid petroleum and 
tarry matter in the fractures of the Tar Point dyke are an occurrence 
of this type. It is the opinion of many geologists that this type of 
seepage is not connected with large subsurface accumulations. It does, 
however, indicate the presence, or former presence, of oii in the rocks 
cut by the volcanoes. If any accumulations remain they are most 
likely to occur down-dip from the igneous rocks. 

CONCLUSIONS 

The nature, character, and the depositional environment of the 
Devonian rocks in eastern Gaspé, and the numerous seepages, indicate 
that the Gaspé basin was a favourable one for the origin and possible 
accumulation of oil and gas in the Devonian rocks. In considering the 
nature of the types of oil occurrences now in evidence, however, it 
is difficult to escape the conclusion that, at least in the extreme eastern 
portion of the basin, much of the Devonian oil which may have been 
pooled has been dissipated. 

It is possible that some accumulations may still be present in the 
Gaspé sandstone-shale series and in the Grande Gréve in some of 
the minor folds or in fault blocks in the eastern part of the basin or 
in structures to the west if there are any not too deeply eroded. Some 
stratigraphic type accumulations could be present in the lower part 


of the Gaspé sandstone-shale group or at the contact of this group 


with the Grande Gréve, but the prospects of finding large pools do not 
appear promising. 

While only one of the wells drilled could be considered as providing 
a good test of the Cape Bon Ami formation, the character of this 
formation over much of the eastern part of the area is such that good 
porosity for pooling is not likely to be present. in the southern part 
of the area the Cape Bon Ami beds are somewhat more promising in 
this respect. 

The Saint Alban rocks have not been tested by the drill but since 
there is surface evidence of petroliferous reefs in this formation, 
accumulations of oil or gas may occur in buried reefs over a limited area. 

Too little is known concerning the character and distribution of the 
Silurian to make a worth-while appraisal of the significance of the 
indications in these rocks possible. 
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